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Preface 

«_j:>lil ^Uj&l J Jv*=- «/JJl f-UJl 01 .^L-iLjJlj Jl^SlI i f jUl ii-JUS.1 ^ Oi»>^l 

CjL_JaJait i^jli o>UojIpj 5»jJl SJlf- ioL» cjli_j£* jJLp iiSi J. »-; .u T V o*i* J**Jl cjUsuS 
•^ ll j »j*U- cjLsijJ Ajjjj^ JiL-j ^ UijI J— iJ j^Jj t (Bit-mapped) ^^ p»J\ 

^-.JljdJl J_J^ ^ »lj* « «j>- Jl Vsi *&*b S-^ g^-*^ 1 tT^ 1 t5> 1J ^* 

7L -Ijj 5__»j>- t^SCi (j C;lSLll Lj-a^il viJJ J5"j (Circuit-Analysis package) aJ\jj4&\ 

(Menu- <^ljl ^1 *~Jl*» j^'j (Computer- Aided Design) w^U-L jj*il p-a ^ l l 

cjUj o. j Jl si j \J& ^.Ul *-.jJli t«-»^U-l Ac- ^Lai^'V S~-JL Wj . driven) 

a*Ui> , ill 4__j«51 » jj^a -tJ J v« ^l-A^l oli-JaJl -^ ajs^j »JjJbr ajy LiP* Ji v_j>j— <U-I 

.SjaU- 4j£^ JJl— j p . « . U ^T Jl (Photorealistic Displays) 

j iyi »_jj ^bU ujL»j-«j SjL« ,j«jj-ij Ci 4Ax*z—\ y> wil^Jl IJla ^ ^JJiAl jj 

i_ikll gJjj^l ^ J^. =u->U.l cU £ilj cjUjJU S^U-I JiL-jJl /y xs- :*j|ji 

^ -7i ifSl (Top-down Ji — ^ JJ ^i^S'l ^ t£») y^>l ^jl-Vl ^b£Jl -^ lAAj 
(Graphical Kernel ujj—U-I cjL.^-. j oiy 4>^k^ ^-i ^jaz^i gjlt** ^z- J**J' i_.U )tU 
il>\ t*j/js- i ~.\js ^ — if- *&i£> laj /_ Jl JJ j n5j>-i .vjjii* t5' _jl Systcm-GKS) 
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Jl >-** v^jL.1 ^fc&l Id* ^ dUil . (Filling) ,Jllj JwU j^^T ^^LU ^Uj-j 

*_^. U „ <±^- (Down-top) ^S/l Jl Ji-ty ^ Vj U J[p a^«- £j| ^l ^ 

.^U-fedl Jl J^_ fj^ij j.jj.i.1, f jU j^j j^ ^^^ ijjwaJ , ^^ 

5 — jU* j Sj^T V»t IA u^j^LH oL.^^1 v-L5 SiK" GKS ojfe^. ^j 01 :UiU 



^yj a-ij^ W>Ui ^^1 GKS 3..^^ jj i-t^ily ^ ^JL, . ^ap ( _ riJ M 
A^Jl ^j*>jC. Xl*A\ Silil of tfjJ .vb&l II* JU> ^ y 1 U, ojir tl _.^U-l 



4=*-.. 



J j «aail jjixj .4-rfjJ.lj *_> ,j^iU-l J^ Jj JLgill jvC- ij^ivall 4JU9 4JISL.J • ,,> clj^^ol 

.ijSL. i^j^. liAj ljL&I Li* j* LS "^j t-y* <-*J& ivJLJlj cu^j^Jl, iiLcil 

: l^ i_j j*«U-l jJp j«L-ST jjijiy j**i> i_j^*»U-I cjI^j s- j^^* i3 J 5 ^ 1 ^ uijj 5 " 

4 — * j'j °"' *^^' tS^* -*iSlJl 2^">l -J. cj^U4| ^ 4L-L- 4-Jaii j»jil 2L.JUL« . 1 

.i_JjoiL4-I CjLij-JjJ iTjLirjJl 4~u.UA 

*- L* jJl y\ c-Lialj i^Juil 4»s-JUjJI • (0>L*jjljiLl ^1«- JlS'jj tulPj^> •> iu-i .2 

oLs^— -^J i»JLi»3 t_jbSJI |JL» rt-^-<»-/2J / JLil .ijjL-J-l iU^JuAl « (Ray Tracing) 

.i_j »^>U-I 

S.lj'Sl J-»* jl^Ci; Jjo (T GKS 4»jJssJl Jt^aJJl <£y~*AJ C 4iJ jU^I ^ jljiJl Jlj^l 0J 

u — *H iji 3 * - ij •\ijstc^\ ^jOixj j&y j *»PjJl 0y l) jljJl U jijj C *J 01 . (ji^asaJil /,-• jJLp 
ALiAl iiUl ^yo 4iJiJ-l J .LfrJ* JLisil liUai <Li»U« ^Ji -xll 'uS'lll ^ i-J^Ij L» Jj- ^1 

5 JUi>i oJIjI » oJLik J&iij i-J yA>-\ CjKa^mj C^>\ajJo±* t5JLii> Aj /y« j^slJ-1 Ll.tyl (j 

5 itJ Ja B3 0j3j«J jjjJJI iJlall Jj'Lc tS* S— *-J "^ I 1 * 4>Jb^~Al C Ail (£y~-* o\ .tS/^ 

.J-AaJJ SjUl jiTt GKS 4*J&£.C «iJ Jajljl Jw'^J lij^-J OjjC Jli .L)'yjji J* Jl5L.b 

7t ;?**aj j\ 7t^Z>y (j j-i^i ~&ji>\£S c-ij A-t"" <Sj*- jII v^^' t* ^J 535 " <lr* ^"^J 

1 J .ls-.i_^Sol ilJLlu (j i«Jb^i~»il <*«>Ul-l <_>^.U-1 oUj*uj CjUJ ,jiitj jLcJ \^auA ojL« 
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/ ty Js->- J^liJl (Sy b\ (Sjjr^ & Oj^. aiui UTj .Ol£v^» jOi Juoa^J.1 Jlj-dl 
;>« jt PH1GS i.jJii*r iSj^\ &^j> oL-jJi^ j^^ ^JUI ^jAj .^1^ 4i)aJl 1 ,;-^i 

1>J — » LS __ it- (_>l^Jl isU ^-jOI iJl5^.*^L. .t_jj--U-l lj-0-^.j u-ij^U^T *^U- ^yt^astJ 
•OO-^ 1 0**-^ otpSl ;*~~« «.Ij3=-Ij oL.jjljjJ-1 jjiuo ^j-jjJ: J j-jcJL dJUjj jjL^i 

^-J- 4 — • -a Ul lH 1 <J (10-6) j* Jj^iH "L.j JjSfl Jvm* £ .(5 J! 1 ^ «_it£jl 
5-_-iPj ^u-J tAJli 14*-- <fc~. Jj^aill L.lj .i_-J/11j cr^ 1 ^" 1 KA? (4 Jl 1 i>*) JjK 5 ^ 1 
Oi^r — ^ ui^j^ 1 Jj ^ <-J^£J1 Jjla: ^^ Ij^tj .^/axJl l$-a« ^ *li— JjS^J Uj; 
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Cawuter Graphics &&&$ v/bv^JJ 



(Overview) 2-* tlfi ?j& 

(Introduction) 4*d3X\ .1 

^JIS" '^e\^ai\j 4 iJ \ad\ J \±k$\j V*^ 11 ^Nl^l j) cJfJb- -^Jl CjIjjJoJI 

»L_ijf) ob j£i ^ lAL-jl J^s- .y tlj— toUjixll J^» y j Is-LlS ( _ s 1p L»jj 
jjjy .ajj^Jl SjjLstl J%a {j* jf (Microchip) *i)£*\j> **£j J ^j^ (Bits-*JL$ 

I -s>j d USli "^ «->VT S^ JaUJ 5j wJl" jjJtll JjiJl Jlj ^ jlTLJLj 

jj g b Jl s- (^j J il)t J^r-I ill -j*" jiCj i li^A .4i— 4jL« Jj *Js- OlS' US' I JU 

4> i^l 3 jjJI LiLi ^glp jj^p frl/ 4 "^ <L»lJbJ*i-.l u^W -j^ >•& iijte- cjL^U-I 

oL_^.UJU j-^—Jj jj — j*Jl J-M ^j . (Cathod- Ray Tube: CRT) «jAjA£J» 

j j -/■'H ?-l :ll jjp Lllj Ss uuobjl 4-^»lil L»Ip Jyujl {j* JS\ i£Juk lp 2lJj^5J^|1 

liifcliCiJ 0^1 o^ijfj 01 Jb- Jl (Computer - (Jenerated Images) <_jjwU-L ooJjll 

oVl — £l -v* jiiS' j J>- a; (Computer Graphics) ^j-U-l ol»j~. j c^o^i 

(Charts and 4— JLj J»j Jap^j LjUaJai^ ^j jj* CjLlJalll o»-jly vi-~"- .ip^lil 

Ji 5 — TjsJlI jj-»aJij jjjjikU (ReaUstic Images) v«*ij jjw **Jy j! Graphs) 

t ~ J J i^jLL-JaJl a A* «_*- J y? L^C. I Jtx* .3-SLjlSLx jLp .jfinl JLcliJl rt— »^aJl 

lJj -iU-1 1$ J j«jj>tl~0 ^1 ( J-ljJl» ,jVUl) L» IS" -A ^Jj^t\J-\ <Sj\j>yMj jll 

Ijju L» tjj-i U-l oL«_j-«j -.waij i_JyyeJl Ijia i^. ._■»- 4 .j t „-?ll JUyu 
.(Displays) ^jj-ali oU> jUJlT (Hardware) i^Ui iiA, «xll p ...>,7." -1 

.C--Li»jl*Jl aJLft ^jlf- is Jai-I -UljJ Sjj • r .'ill CjLj ) jl jiJ-l —2 
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" Vfmter Graphics &%&&)- y / ty c/\j-y_j 

iX J* 5 y **-*»«-l>l (Software) oL^jJl -3 



.CJ 



.(*jJj*»U-b aJL) jjil j vnsJl oUL^jaJ —4 

cS-UAp oUL4l *Ub 01 jSO: ^j-U-l oU^j ^j^ji L^ljj 01 

fUsf -I 4 .Iji Jl cjj oU-l oUj^J SiplLl oUj£ll io,ljj ^ i^,i jjJl ^ 

5 JbJl 4J12&I oli aU&AI jJIjwVJI j*-*^; t *ib. tJai* ^j^aAi. JJb- j ol^w^l 

.(Very Large Scale Integration - VLSI) Lv^ 

(Programmer j^ 1 ^*jv J&> *>■._> ,>• ^jv»ji> *-ijJJ L**-^ OjC- u* 
5 — »ljj> j^va: t e-u* a Jj^Jo^. cjL^^jjj iol. cjU^L. cj>j; UK" . Application) 

xZj\j>j ^ j 4 *jfcj> ^ o a -mj I 4 1^'IS' JLilv^JU 3L-*JLi JU^j. <_J j—U-I OjL* j>o.j 

f 1 ral> 5i.jJ-l i_j^-U-I ob.j-.jJ (Workstation) J-^P *Jasi C.P-U1 JLaJ .v-jj-.U-l 

J,l 4 2>rL>- ^ N|-Xj Oj jiJai* C->b>jrfj cAajIoIa b>JbA^w> 4j JwjLa ■-■ln_.) 7 T . _ „ .^- ; 

A i .XoL. 4^r jJl U J£ Oj->vj L« ULp i^^-^jJLj !*j_pw SjaU- oU?^ s.Ip_u~»I 



* *vH* 



Iw- 



J — jiir j^i* i_JJa^ o-.-- t( System Programmer) i^jiiAl ^jvj *pUJ oUj^il 

*$ — UMl ji*- ^ i.jj-j.U-I tuLij^j] -iJLflaJ 7t-«ljj AjL5' Ll&j: 1/ i3l.Ip Sjjvsjj 

£-Ja: J "^ 4 «;aJ-W j 3>jjill ^ jjiiCll «i .ji 0? ^ 4-x^- ioJLidl t_JL»^l [ Js- 

111 iul >j>l\ : ,jp aJLiIS" o^/xs bjjJ Oj& 01 <^jj>saJl -_^ jSC IJJ .4ptLJI 

, *j JLi: >Jtl « *\j> j Jjiai U~- I J&Jk ■-■!;_ U-Uj cjl_*jjlji-l tOLsljJl 

.JLflnJL ^iUiil lil ,,;? all L^iJsL* j bJIpIoS' bj^Jb^iuJ 

(Applications of Computer Graphics) .Ufuifett UUftQUliyhT 1.1 

;2L^ i Jj o"^U£ ijujl ,jl i_'j-»U-I cjL»j— ij oliLjaJ (juivaj LuSjr. 

(Display of Infonnation) oL.jl*il ^jP -1 

(Design) p-^ wd l -2 

(Simulation) SlS'l^l -3 
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Connor Graphics jgflBd^- aj^d^JJ 

(User Interfaces) a*4i—JJ 4^ ol^lj -4 

. alyiil J^ Jl* Jf J Jv»l>Al J**Jl J* JL=-n ills' t /Ly*«ll U* jj} J^9- t^oJl 

(Display of Information) roUjUll jfrjP 1.1.1 

* 

■ -■' hh'^ (_/>>! (Orthographic Projections) S-^Udl olkli^l ^1-iAi-i -1 
-(Carl 78) ii- 4000 Jl :>>? yJl ujJbUl j>«* ijJ oa*j gJl \Ji\ &\£> 

(Perspective * — jjjJ*> ^Uj — ~j j — bl- 4 £^\>~a &)o c^JAi-l -2 

.ijjj^l *-AfJl jvjp J Drawings) 
^ *«Jls J, . ..l^a; 0j «ji f jWlj i— J&U Mk o" ls^*^ "^ iap ^ ^J ~3 

,5-AijLpjlJl CJlJaJaatil ^£> 3JLj CjUj*-j aJx^Ijj 1*jj£j 4jjvS*til 

a.av .,JJ 7^5 (Software Packages) oL*jjJl ^ ^js- o^jk i^jji o$* -i> -4 
oyjl i Sj -*?• 3 ;JLj cjI — JaJasJ. (Interactive Design) ^UJl j*-*^aJl 

.4jiLa>l o/>lfe *-*jJl <Jji» J-iljJ c-^w»l d-a>- .o.s4*x» a^jLj oIpj**~j 
Lg lp a J__o^«* u O.JUAI a *J\ liiL^i* i^JUIj /k-v cJl5" ^Jl Aj-OiAl 

J — «jJl ol_Ja*tj (Plotters) ^ — Ja=M ^iji s -^r! iv-XAi^j ^j-.U-l 

.(Warkstations) 
oj p gs vj — -l^' ol»_^j f jlas~* (Medical Imaging) ^Jl jij^Jl -6 

S_~J*Jl Ljjjl jf jLiU o!)\5^ J SjjjT ^L.Ll»1 Sj^I iij^l J c^ -7 
o^l 0j^-a=^ — ~j lj-i — ^ jiis-l — Jl 01 2-—* .(Scientific Visualization) 
JJl — -ll aiA -L*.L,1 JjL»- £v»j J(Super Computers) 5S5UJI ^ r ^\ } i~\ 
(Fluid Flow) JJIj -Ji J *z Ji* oVU i) liU va*;.w. oils' ^Jl 
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Canpa/er Graphics (jp^d^- CyyfycA'JJ 

^yjJ- oLS-kJl U* ,y ^ .(Molocular Biology) oLSj^t ^jJjjLj 

u — • * 15U oL-& JJ*Jl guts ju-ii J*! ^ Sjl, Jb* ^yi oLj£ Jl 

.(Miiltidmesianal Data Generated) .AwS/l ^-Ijo SjJjv. oLLj 

(Design) : j»-«-*=il 2.1.1 

|%-£l i^JaJ OV ,jj« nS-J^, .*-j«-valJi *~L»ju V*" *ijLu«l.lj ^JlJil -j^il »£> U* 

«i — t**&j> oyA Oj^«i~»j iL~>~ i^Li^. ob j*^ Ojf*-ljj ju^a^J.1 Ja*^ (J £j i^LjLu 
J-j- jL-^J jl — ht)}\ ^ p..^ ^ JS'V-i^. j£*4 Ju,L.fy oU-Jl (j; a>-l 01 .aIIU 

V j— vaic ^.^-.U-l oU^j c-3*-^f 1-U .p^vadl 1IA J»- J^iif j^ Vjlst tc^ly. 

(Graphical o\s> jL>ol jLjrf. i*jy oL.j-.jU J*p 5i«= fL.1 f *,*l l (jJ^ L* 

tA . lc- 3 il^t a*1j* Jl SjLi^! //xj:. 4^a-«l^ j (Mouse) jtill Ji* Input Device) 

J i£ iiLst jj-«j 4Pj»£- ,^1*- ^jJl *-5-Li l£>^ >^» y^ lS^ <$ J ^ .**»jLJl 

*\J&*1 uA n <wail l-l-s! .*ijlWl SjSljJi t__— S"jj Ig-i *i 4Pjl* i»-L~>tj ayljJl jv=>L* 

Uj o jL*»jd» J^pj j^A^dl J ^j^lUil j^sbJl jj*j ifii^j jLs^V Jbso^l jLj*- 

oUlJbt: -1 Jl ^jjait ^bsi t^lJti^l f ■-/*:» li* J^ Jj**»«U (£> »3J .Ujirf 

1$ SstjSi ~j Ic.jj tSjjlJJl j^jUp ^_j p» Oi[ .t-.j-.LM oL.j-.jJ S Jivj J_,jjai* 

jj_-jl oljL—^-^l J *A Ji JjLs^J jLv-i^l jL^r f »Jb^.L dilij .l&Llh J^- 

J jJJ- J ^1 ApL-5 -jJ JSL-jH ,j> a -ap ftoau-l ^i Sk .L^-j ^J»j»j j^LJl 

t * 

.LJli *1%-Sll jL— JbJb^ t^i. tJ»Jlii>jJl ,yau tl^j «>b Sy'LUl j^>Lp jj^j ^Sl_y. 

3^ SlJtll j\ sl^l f~*j .A**^i.l AJjJb jLiS-l (^^vai.1 l_^jJ UjJ 4L-jll ei* J 

cjI J>U 4JU oLj^ JJi J\i») JJ^JI gftS j/j-i f j*j yW^ ^^ji ^-^ 

o^» iJbdl jj^h J^Ji Of ^M ^k^i 0^\ . J— M «t* *ALi ,> (^jil J,li. 
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Carter Graphics &®&® vA&JJ 

(Simulation) :3tftel 3.1.1 

cjL.j *J UiM %i jjlJ jw»»jJl JJjJI jjJ-iJl s^ 1 * 1 ! c-U-t . (Simulation) •IS'UM 

0} . (Real-time) ^ — «=**-! ^ — M i) ' — ^ ••**** jl>** -^j 1 ^ ^j-^J «— »_y— Vsl-t 

^.Ijj fcrli ^T U wiiSi (Arcade Game) J^jV» jt >Udl i-U ^M^ j^^i 

ixljlJ jj*)\ Jtf JUJTj .oL^jJlj Juidl oUj&i l<Jl ol^j ^Jl (State-of-art) 

j_kl) . (Flight Simulators) ol>_iJ» ySl — * *-&» -j> g^-Jj tj*- vj-^ 

iiljjl *= J aJ .^jLUl vij"^ t£ V^y^'j o*Uadl iiyjlaJt C-»*~*> ^J (&ijyai\ 

j jt Dj— JJ«Ul J U0*l ij ,%Jlj lj^»U4j j j^yiaJl Jjjl jj} Jv*>- i£ -ill f-liJl jl 

(User Interfaces) : . l . ytiM -oiJ l^ Ol^lj 4.1.1 

v^j — -U-ij C>\ J$\ ju (Interface) '<—& ***•' Jl JL* ^ji* j^i; \)s> oiJ 

(Electronic 5 i>jj&\ *±JzJtm> i_-»L* JjiIj .«_» j«*U~l izA»^>j fl.A>tu»l ^-t ^ 

5j4_^ SJ in* fU ^yJrl j^ "V^ vj**- *J*£ fL.i SjujiC ^-14 vi~j- Office) 

Jl — ^i\ aj *^r. jLilir (Pointing - Device) >iii jlf£ ju&JlI » JL* jj jj .i*iU»j 

yj lp .«juj5^ Jl Jj j* Lfijjt j^L^ 1 *ili*»i l oLLjJi Jtf viJljLi^tj (Icons 

SjU^i JLj«i (Mailbox) Jjjj c5jJUi> Jif 0j5ljf jt ^'^ jlL* o^Sj oi t Jldl Jj-* 
'^1S&\ ■ x -^j' $^"J j*-b Jl <^>- (Click On) jUJ» -bw J*. ^\ } *Jj 
J — u j>-\ jj>J j\ il^i jl^i ^-&j .WLiJi JLp (Klectronic Mail Message) 
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Catputer Graphics 



$&d*9- aA&>JJ 



JJl^- )\ tf o-aUtf of Sjy jCJJ ?M — 4 (Waste Paper Basket) *JL^il JljjVl &* 
Js\— -> (File Cabinet) ol_JU dj^t jL**» i* Oi>- ^ <W~fc£ "il ^ Wj»B 

ij_j» JW ^J ■•*** 2.1.1 J*£ <J k^j* f ^ VWy^* »jflJ* f*** ^>^ 

(Office- t-i"V_iIH 4_u£. 5-w.jlai* fJA: «j <jJl SjUjOl >3 4^-j ^ of £• 

^jJl— J ^ * V j-^ 1 CiUj^j j^J <ybj«&l y'ljoJl ^^ jl Automation) 

.Vj-^ oU^jil l r Jbt^ Cl jJ a fc-il ,y j^T ->o* ilU -^ 

(The Wevelopment of Computer Graphics) : (gftWf dUjfl() i*fe? 2.1 

1960 Ji 1950 1.2.1 

^.j— u-» ^** o- "^ r^ *? **^ ****** ^ "^ ^ ^ 
^ < ,^v Vjj^J'i 1 ^ J,1 ^ i «3 r*^ ^^ y_l p*^ ^ y ' vi 

J i^ J^ l.ljCiJI ^ .(Cathode-Ray Tube-CRT) «Wl jf W^ 

.CRT 




(CRT) ap/^ 1 "^ h -^ L1 J** 1 ' 
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Camter Graphics &»)(M- <?&& J J 



.(Deflection - Plates) v-Mr-^ll ^ <y £JJ ^'j* *^ £*->* ^ °AJ* 
Jjj^i (Digital -to- Analogue Convertor) k Ji-Ul - Jl - VM <^if& {j* 
•(y J x )<J^ 1 ^ ^ «-* , j*'fl c ljtf j>* cjUjJ Jl vj-LA- 1 (Output) &\*jf- 

f jit— icJ? Jju*. >i I* j^JLi ^jil SJ^I cJl^ I3.J .CRT -Jl iiLA ^k- J* 
3— i J- j-Jjl *S (CaUigraphic) JisM ^Ij jl (Random-Scan) ,/jA-H £~U 

.iiUl JLe 4iJ JJ Jt gjl ily' OjOj JL.Jb> £ij> Jl oji-l dLyi j$j:. 

ilUij Lbe Sj^ 2L^j SjXiJ Ja3 *j^Jl J^ CRT ipjll&l UaSH \y& f j» 
j_y.Jp «_ ,*? ■ -' ijy& JL*J^1 t^ji ^ t4J jj^J^II k jJ4j tSjji-^l «-!>Uall SjUl J« 

.2L_jdlj S_, . 50 J*^l J* jL-il u-^ ^5 ^jJ- 1 o* vJJk: tCRT c^U»jl^ Ji~. 

4 Jl I — »W^ t jjv«ll li* 01 . (Complex Picture) *S"j* jj*» JJjJ V^ «>-< 

^Uj„-j j j ^ fl_i r S j.« y^l fcpb J jlT t 4iUll ^--IjrJJ ?JUJl *il£jl 
.OL. JiJl Ji*l ^L* £»^1 jl^- CRT Cl«r Ai-'jUl OljjJaJl J&, ^j^.U-1 

: 1970 J» 1960 2.2.1 

cUljj-Jalll , liilJb-ty jy* iJLP <-■;-»; JjbjT.Jl J^U- 4fas-li* OljjJu C-j-^p- OiJ 

(Direct - Views S^itll 4JJ JJ ji j*Jl ^_^T o^^»f ii^- .oUj-Jl Jl* ^ 
jl^_^ ot ,j^ r*jL-> -=^JI £>l j ^ V e'j^I J^ Starage Tube-DVST) 
5_iUJl y-Jp ijj-Jb -tU^-^l _> jili 4^J ttf Jb > jjj* jl**- y* DVST 

ijj^ tfij SuiJjUl ij^Jl^O i_Jj— U-1 ^ji l)1 iSjJj^ J& i>* 0j5L 1 J^*j tC^U-Lj 

d.. ;=- (Terminals) ^-J> olJ — >-j ^-waj" t> jl^-l la* Jl^Jl f -^ -i^^-^ 
o| -*—^ 1 1) *JljJ« ^■■•jl (Special Character) A^li-I jyj\ j* *U-- ^•■x*^*\ 

~ r -» J i Jii. J i» jl*^ ^lJUAi-1 Jl ^U-J jl^Jrl IJbL l_-~J 3-^iAJ.I 5il^il 
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Catputer Graphics 



$&&%-&_/§&*& 



J— S^J JiL-SJIj PLOT 10 J_j> oUj—^U =L_^U oL^,, ^ «j JUl 

•t£j^i Jl *>_jJi> ,y (Transported) 

tj — '-> 11 *=*' — U"=J ^^ £■& ^ jU~ *H (DVST) jLfrJrl Li* oLi^. ^j^I 

w — S-j «jj ajai ^ Ja*. p^j J| ajLSo. O^L aUp 01 . (Real-Time) ^s^l 

i_ALiJl J* ^sj ^ cDVST .iU-jis. ^ 0j& Li£* 4 *»ij &- Jl iiu* iJ_i 

01 .S JJva D (Selective Eraser) ^UttV £~iL jl$Jrl £»~u "il d~>- (Animation) 
ij-^J 1 ' <J ^^j "j -^jj J J^' £~J (Display Processor) <>>U ^l« ■?.£& 

•xjfrjr-^ c^ 1 oli CRT o^ V* J*^ 1 c£*J (Real-Time Graphics) ,^5=1-1 
(Special-Purpose Computer) s — ^U ^1^ <-jj~-k»- /jp SjL* ^jJl £U« 01 
tji — ? o — * ■**/»*< ^-M^ JLp jil5 (Instructions) oIjUj^I ^ JajJist *p,*5£ « 

j&z 4^»jUJI J*^ Jjuf.CRT — Jl (Refresh) ±A* j\ J^k fUJl iW> ^V 
V— l-Vl c^L—iL&l £_^.j ,, — i .(Flicker-Free) fr^l jt ^Uij^l ^ 5JU 
«j— S'li t^ (Host Computer) ,>*>l»- <_>^-U- JU^ (Graphical Entities) ol^^U 

^Jl t(Display File) ^yJl i_il* jt (Display Memory) o^j^l l£\> ^si i^>U 

j* US' (Display Processing Unit) Jej& *M** iAa-j J-5 ^ l^lp J j^ jJi jSU. 

-2.1 J^iJl £ uh' 




aL., 






£1 «* Ji *J j/i/1 <^->UL5CH «Ju J—jI Vlb- .Joai Sjls-U J^. (Graphical Primitives) 
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Computer Graphics 



$Mfrty-qyj*b c A,jj 



\ ~&S\ ,J L»U-I f JiJl ^ rt-P'jJljj i»jv»U~l CjL»^.jJI oUjJaJL* aJoi»> J .t^j*^ 

— • (Chips) Oi — **i*J j' * Mj l3 Jj?^ Ob AiLJl CjUjJkdl tjjlkjj Cxs-iC J3 






JJ 



* 

•j\ — ^ (Suth 62) "Sketchpad" ^y^ J* ^U 0^-LJl U d~*- -=ubj^iii 



oL_^jj^l j — jjjb; J} 4*rU-rj (Data Structure) oUUl ^S\J \A .j^tij 
.Ai^J-l (_jj^iU-i cjL»j^.j Us ^ci r- ili JsL^-ij (Algorithms) 

:1980 Ji 1970 3.2.1 

*■,« — £ tJ i-j j .»tJ-l t^»L»j^ij jyj^ tlr* (^- J l~*"*—«Jl) *;i>ijJl aJJ-1 sJia ojJ? 
gL*\ *iir ,) J***- cfiAJl J*U£y\ v-^j . (Raster Graphics) \£~zi\ oL.j-^1 
c^L-^jJ&i. (.1 — * L.-^ ^f c(Solid -State Memory) i±A alU-l oli SjSToJl 

t) jj— vJl i>-ij^ .(Raster-Scan CRT) ^ 5& £-~il c^b CRT l$J fJAi-J 

(Picture Elements) ljj^\ j*>\& Js- i£j£ ihji*** j£i J^ a*SLsJI ol^^l 

.(3.1 jSCiJl >jl) (Pixels) jU^b ^jg ^Jlj 



"•KlrrtJ*^ 



*■ 

r 



'5ft' 



.-■**** 



:'%-2% 






(Pixels) Oj^aJl j^»Lp 3.1 j£sJl 
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Computer Graphics $ft? <frdj) - q/j*i) cfayj 

jUi^l Ojstll j^-jr-^jUlJ i-ilil oUj^il ryS .(Frame Buffer) Sj^aU JtoVI 

I Jb ^ Jju iast JUiJjUJl ciAJJb LijC 14JUL *»*— • 70 Ji 50 JJU£. SiU- Ojj-^aU 

i»j — Jai-I £—&£ ((Graphical Output Primitives) <^>l*j — *J} C.'j* 1 '^ 1 ^LS' 

j£ ill jjijScJ ojj^aU JliiV &j*& & *jy£& j*^ s\jb\ jl kU=k ^^yaJlj 

jl (Scan-Conversion) ^»-J>l Jy** 1 ^ «-»j» sJL*Jl »jla 01 .<ji>UL>Ji oiA ^^iJ 1 
^ . jj i' jj. p jj.j)aj ^ oL^.»....ll tgt SjiiJl «JL* t) .(Rasteri22ttion) dLUdl 

■j fl b Jl lIOI XjaJ&tlA ialS' CjIJj Sjo^j Sjouo C->IjL«»- $Lj J SjJJiJl <jl 

L*j -J -l> 01^ toL-U-l »Jub iijLjL* J} .iiuJbU J-jJI C->Uait OjL- Aj^a^i <^iL— b- 

4 ^jbt Dj & 0^ ^ V^i IJJ t^j-"^ V^j 51 SjTt JJ» tf t-j* Sj^aii Jtf=^l 

*A \j $ SjJlZJl ij?rj dJUiTj .*-" j-U-i j J*£» *y*r £**»! O^ jW^ O'l.^-.jJi 

^ fr lj ^ j o- iJ&j SJbJbr (jliT U c-*e» oL-li-l «Aa ^ (Networks) olSLi- 

(Computer aided <-r>j — -^ jj*^ 1 < ^* ^ g: 1 1 (Special -Purpose) '^p^- jAj* 

i J t. t u_»^-.y-l *-• j'^- 1 / J^LiJJ Sjua*- t5> «^k liUJ^j • design-CAD) 

(Menu-Driven Interfaces) ol>_-&M * — »Jli Sju~. jlj>JJ =L^ ol^lj ,,>; 

. (Mouse- Controlled) jtill ak-l_>j l*^ jk~~* 

Sj-^-i* ob.U^» Jl t£il ^^-.U-l oUj-j fUAi-l ^ ^-IjJl jUi^l «---{ 
\j^ U'^r Oj^Jr J^AJ Jl U» tfit .oVjH Vy **ji «J ji>" c^ J 1 ^^^ 
J a -;-H jijlJiJl ^ ^i o> Uilj 1977 fVP ^ V-L51* tti» Jj=- r*^ 1 ^ 
(Graphical Kernel oL.^— Jl Slj_J l— .jfc- 3-jj^l a*l» ^-^> -1979 r ^ 

.CORE < *jk* jij^ ^^ iJ ^ &WJ () ? * ;Uil ^^ ^J System-GKS) 

(International Standards aJ ja& o-s** *-fc> cjj Uj^p ^jLidl ft A* jUTl fr U 
.i c -U^ -"ij^ !>■*-» j . 1984 f lPc)GKS^>^ Organization ISO) 
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Cawuler Graphics $&<&- Vjfyv^JJ 

U*U*± La ja (.Jbir-J tJj-. .GKS **j&* Lc-j (ANSI) ^^^ <J*iS^ yr* ^ 

Mj>i\ J =LoL3J» k&J $ GKS '^j^> 

: j^MA UsSj ^1 1980 fl* j* 4.2.1 

J t» 0* .OjjjUjAIj f-*"j^ J^J s-LvLJlj Ju-Ju^il Lg^0Ai*-j v-LS a'-^ 1 i^iL»j~*_jii 

i a- ...l i j j JjLx* J Aiw»j aIjU a^L**- Jji o/j Jaii ^,-J to A* J*jJI oljbwi 

(Libraries of Graphical Routines) cA** <*J1 *>> ^^ J* <4jr^ '°j >, ^ T 

(Scientific 5 ^JUM bj^J jt JUU J f jlas-J ^il J«Jl cjU«£ .^^-U-l olSLi 

4 Jl J^aj cJtf" l* Jl «-*_> p j- ■** SlS'l^l ^ jjw» ^lii lf£j: Visualization) 

.LLL* (Super Computers) 4i*vl»jJl i_~u-ljJ-l 

A_JL*lij trjl *_jji> a>« 1 ji*«j 01 CAD cjUjJiu ^ Oa^u^ jjJif. ryA OV 1 

oL.j_ — jJl lj«JLo jl^l»lj ryA viJJJiS'j .(Solid Modelers) a*— £ ^jM ^ a^ 

ls\ &$ 4—s*5*j jj — **» r' — ^l tJjij' — a-^ 1 jy 1 "j^b (Animators) '*£j*As 

.\ij\A ijijdl o»L*jJ\j 4jilil oUj£il ^jjcjAj oJUij (Photorealistic Images) 

Oljj »J *~"L5jl oLitjJlj oL/jjIjiU jjjlaj t^ ^»I»~t fJ^cJl (l)t j^ j^jJli 

»l e- J^J ilL* JLfrjj Uyt toU^-jlL; jUs tS^I cj"VL4 Sjp Jj aoU-I oUj£il 

c^ "- Sji^*^ »-bJbs- cjljjkr *i>i LOl 'J^~' *■** t^ «LJLjJIj SjjJaJl c->L->LOU 
j jjr j£ ..i. \ ijJO c.- ; ) Jl* a_-.L*^1 Jj*—jJI ol* *5iJl ^>> UU-ia; Jv»lj^« j^j 

(Basic Graphics System) : SUwLtttl ^>il*ll UU|«t> i»>tti» 3.1 

j.lv.r ...7 jj t.jj-.y-l i/uLi^»j S^jliJ. ifr^ji i c*£>'~' J^s* 45^ *_r* 1 ' ts*^ 
Jig"- -^ » Jij <*jjiiJLl CjIaJWI 7Vjyi 4jJj A-jLT ( _ j Ip ytS|l (S^i J ^ jz> S OjlK;— 
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Catputer Graphics 



titiw-vsb&'Sj 




OLij-ij ItJeuA <L1 j£-Jl 



Processor £}*il -1 

Memory o^Slill -2 

Output Devices ^'j*-^ 1 •j*^ 1 - 3 

Input Devices Jl^-^V 1 'J*^ 1 ~^ 

cM . jjii^j (Time-Shared) V-j" ^jLS-ll <^»li ^J^ v.j-W *kji>" ^^j^ 

j — * js — ^ t) Ja*-^ . (Sophisticated Image- Generation) j^A -^jd JjjJa^ 

(Processor) :£Ull 1.3.1 
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Conquer Graphics j0id*ty~ VJ%V^JJ 

5 — U-jll «JiA J (Picture Formation Processing) «jj-**Jl jij* 3 ^U* "^ 
s Sj ^i. (Commands) _/>£$ jf (User Program) jJ * z ~\ \ g*^s. Q\** ^ 

.jyJLAi--^ 2UjJaJ.l t£jJ Ojijd.1 (jjay^ j J? jjstd-l Ji*) 4-ljSfl U^Lp -y Ojj^aJl 

^..t«.7 .(Font) ,jaJl ^ j./- p^j J^ 1 ^j 1 ^ J 1 ^ *ijUJ.I (Attributes) oli^Jl 

jf (Interactive Menu-Driven Painting Program) oljl — ^\ l*Jli j!x. fr ^]aJJ 
.(Graphics Library) «j*U- cjL*j-»j 3-5^ L*-b*^«u« C AiL <~jj&* ^•^•y. -Ua^jj 

.(Host Computer) 

* 
JL^jJadl ,J .(Display Of The Picture) j>yA J^jh jl*5 V^ »*WL» :l«# 

cj\ — ;LS3 (Scan Converted) yr*~ - Jjj^ »lj*i s-£ '(Raster System) '*S~z& 

g\ 'J- -& .(Flicker) Sjj*aJ1 ^^j\ <_-i*J liLiJl ^/-UJlj *~j^ (Primitives) 5J_jt 

0[ .^>jUJl Jb (Objects) SjjJiL> *L£l gy a,jJ- Salp^f A J i iJil j* cj}Ujl» Jl 

.i*s>U=- 3Ul«i£h jj^j-iJ J^jj (Board) *?jj&\ r}jR fJaw-J U Ulp .i_~wU^-l 

(Memory) : S^l Jit 2.3.1 

J aj_ar_^» j * U jl AjL/X. JuiL-Il pj«ljji SUj-Ul A--JL SjS'ljJI 0j5j ~1 

.-.1 J,. It ^y, c- jj Jja^-ljj Sjj*o3l <^^J> *% t>j^J c^aL^Ml i_^^»«U-l 
.(Standard Type of Arithmetic processing) VW^l IjUJ-I 
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Catputer Graphics &&) &*$ - q/jfy C?"JJ 

3-Jlt ip^j. ioli ij*^ S^li J] f^ 'u^j*^ *=^** 'V^' ij»-Ul ,^» L»l — 2 

.(Frame Buffer) Ijj^S JL&I 0j£ ,y> i_f iJJl oJa 0j& i^^Jl 

Oj — £j I » j P L^»-Ja-j j Lilil \^fi\yf- y JS* ^ fj'y^ OjS'li «_^k£ SiU- 

j- c -^Jl ^ SjS'IJUIj £l~JU ^-1-aJI ( ,.K"I1 4i> 01 iJjJiT Ot dJLLp ^ .S^JdJ 

^L-st 5 — .jjii^f (£^1) ^.. 3..5J-I ^jJl J J>v aJl -UjJ o^Jai. ,y fc^aJl **jjadj 

CjI *jjadl «J * £-«- 01 ,Js- JUTbll JjU«JU» 14JU-I U^Jai <&*j y j^l .OljjJaJI 

.(Outputs) ^W/£ J» ff-5Vd JLP J^**^ ■JtfU^tt jj-Ji JU^ l$sMjai-tj 

: (Output Devices) £»y-?» Sj^f 3.3.1 

tul &j\*i\ of I — c. .^ . si jf Jb-lj g\j*\ jl^-r ^ V« l -^ , ^ j^* t?_r^ 

t5 _J^ ^j_ *£ Ui-jlii-. 01 ^y^*- IJJ IjLidl ^iTSII ^ (Raster Display) aX-iJl 
J,L_iiVI 0j_ ^il j8>; . .*■ dUJ^'j .^-iJl £-ll ol* CRT £> o" ^y 1 jl«i 
c(Self-Contained) I — *li t) 5 .IsJl i.^Jidl ^ .J*j>& ZjfYz ja ej* ja Ijj^ 

M «Vl (jy iCA*j1mU Jil -i IJJ c^.jJaJ.1 ,yi J*^-* Sj* ^J^l Oj->J 4 J** ajaax*^ 
4 J^t a* JU-I j* LaS" i^Lflii» Ifrjse- ivSjUJl 0j5sj LtXfi .A«Jj*»> »JjV*i 4->jl*llj 

.1 k> jiJl cjUjUII Ji jl Ja^jJl ipj- Ji»-!)l; ((Graphics Terminal) oU^Jl 

i^aliLl jj^aU SJUiVI Ojla*il jJLp c£_^ Of t_j^ i^Li oUi»jU A>» 0<L*JflJl 5iU 

_J £~~o (^JJI (Plotter) aW 1 j*— 1 ^ 1 J 1 ** ,> '^ £.> u^ oUi-jU Uyt L.jJ 

.aj^vall ^ (Hardcopy) ^-j^» %*-~i ^ Jj^a^-W 

(Input Devices) :Jts^l Sj^t 43.1 

» Jl^-j'V -^5.* (Keyboard) tv^ **-£ ij* 5 i»s*^ ** jJ^ <4S^ ^* 

j . aLJLJ ailj*. 2L*ij ol^Ai ^3^9^ ^Liil *>- jp f j^j .CjL«^Uil j* lSjJs** 

J ic iZj\jL ia £j\jjjal\ y aJ...I...)I aJL« j~JG SiU- .^pliil ^ J~i^J.\ cAtjja 
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Cotputer Graphics $fl) &*b - <yj§ O^JJ 



■ j\ Sij — La Ijj^oj £jull obj^ jy-i; f \i\ .(Character Codes) jyj\ 
(Complex s-^y* J^-^i j^^ f^Ailt i^-j 1 *lJbii*»l \z&s m tcj\j>j^j i^jbiJuS' 
(Arrow Keys) p-«--Vl <^>li ^JUll flOAi*.! ^s. tjul.1 J--* J^.Input Device) 

.a^UJl J^ (Cursor) SiJji.1 tf>- *-*rj <J} ^Uil ^Ijtf jja« J* Sy^dl 

J Uj~i jiS^JI 01 . jA JU-il jl**- J*Vl JL^ yy ot.j~.jJl oUjJai. ^*a 
(Joystick) j^-^Jl U*pj (Light-Pen) ,Jyi^ (J^j (Mouse) jtill j* ^Ub^-VI 

5 «jjiill ijjj of l^. J j^rSfl « J* ^ Jb-lj JT .(Data Tablet) oUUl 5>.^Jj 

jf J — =-!.} jji ->^ 0j£j 5jU> jig* JS'j (Positional Information) \**_y i*J*£. 

.oljli^L £lxLt Jb,jjd jljj^l j, jjip 

J — 1*3 £ 11 i*^il liUaaJl ^ JSU JJIP jib* Jb=-jj C£»jjll JiJ if*-j -_^ Ci\ 

.l$Jp JjW-t j&L ^J! oU-^JJj cj^oll f- y y> L. j^i of IUp .2 

*J=C "»j i-i-T^ ta^J«i> ajgA-l; »S>eJl ^LiLS" tJS cA*L«£»l LJ L,iajl (iy\L*> .3 

^Ij-jS-^I 5 J^srl APja*t Jj oU-jSitil 4**-j>J OtJ^JUlJ Jul* jljar jU^I 

(Graphics Software) .uUjtfjit fiLtpljJ 4.1 

j — ~JaJl Aji: — uj aJsu — u*i i_i jS' .ol f£j>Jlj iaJUiLl Ll^u)! -^ iJlp ,_^1 (ijjai 

,^j ^Jl ol^l ^ Li ? ojL»j- jJt ^jjai. t) oUtl jj J jla; (Application User) 

<zj\ gj.J-arU p-«jy Joj *4*-j jjj" Lj'W' ill*" j/1 oJLa A»li <-J_j-*> ? oL^jJl \£ f *SJ of 

(Plotting jl — j p — -b £-*1 — >ji *j^ 4jji •*» c?-^ 1 (Application Programmer) 
(Circuit Layout 3 — 3\*j£ lj — Jb Ja — tJaatJ & — *\ji 5>j»- * j« .. /j" jf Program) 
.5 alxJ^ (Configurations) *~iy>z Jl£&l Jb^tj" a* cjUj^^JI 3L.j)ii« 01 .Package) 
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Catyuter Graphics &&& d*fy - q/fty o/^yj 

.Oljsiail cjLSV Ji. lic-j^Jl JUJli 3-^.ULl ^^SU oL-jJan .3 
: (Terminal - Based Software) oOPlSJl 3Jjt» ^W£j* 1.4.1 

j£ _ Alt Qa JiL V"^ j^ 1 °jk J* 1 -a-^- sr> j-* 1 ^ ^^ (Graphics Terminals) 

0-j-& dUJJ i3uy_r- »jjv»j Sjj-^l jfc* j> iXT^ 0^- ^ ^^J^ 1 ••** J 1 * f *J*=-' 

.la ,- u^f c^-J o^Uaii «a* l)V <.'*&*$ (J**- «>• ^^ f^- 1 &&*$ £ 

.cu>ULi ^- jJ ^ </&*! jf ^iy oLWl OjSo a* tJllLl J~~. Jbs 

J J ,i a .r< ^ 5v J cA^jlajil «aA jlAuJJ cA^y. OjSj a* cOL»-S/i i_upI J 

VI- Vl cJjJUffl jU**=~>l £,)*=—* (Procedures) oWj*l ji (Library Functions) 

jfljaj J>>* ^J t^Wj*-! ^U* ■**>* ^ Ja- ,.> -irV^J JU ^ ! **^ 
Jj (jii iiiU .n&lfiJl (Clear £*>") £~>-j jtiH ^ W>j 



J J.L^JL-J tA*£w 



:3LJUl SjUJi 
Plot (x- array, y-array,n); 

^ ,'n' U^a*j y,x O.UUJ ucij^*« (yjW^r'j ^j*V ,j * C? 1 "^ 
J .; t;, .... ,».«- .J.I ^.li^i j> * y* $ oU>^H oJ* (Scaled) ,^-^j jij^ 

:^^l pUjb-i jupj .(Plot) ^1 jf *lj»^ l-i* *^=-> 
Mouse (x,y); 
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Caiwter Graphics $&&*$- cyjty&^yj 

J__J j_* -iAi^t -i Ju'Jbo jSor c^JDl t(y,x oUjH) j^ 1 £*■>" *^ *Vy 
la A .Jo «j ol*.lj pr^l «Jl* j!^ ^ cjUj— jJl i^ -tii^ U Pf^j 1 - ^1 -g^;^ 

3 A i 3 i »__»*<• ( i/ 1 ^*' (J^ ^V t>J^ *s^j* ^'ji V"^ 1 * J '(J* i£y~** 

£ jj_JI £li ^U. f-ljl ^1 ^>a f ji- iviJlill J^wJl J i Jldl J_~. j^Ip 
is ^ p— j .y'j*' ti\y*}\j jj£\ olOUj JLiu-il oUUj j&\i L$Ji\ (Self-Scaling) 

toJI *~lj lj * flj sf^l IJA JLii-Al fUJCU-b djxty IJLA .b„t,;T ^ ,y, x — J ^Ij 

(Turnkey Software) : SjaI* oL#jj 2.4.1 
(Icons) (ja^-lj — i jf cjW*j (Menus) ^Ijl -*•! ,h1j3 JLp t^yai gJl i^jUl 

oL«j o»j t_— 5 jl— J JLoluJ.1 f *i C~»- .t^/^' C->L* «Lu« ,_jj 4»Ui>J Iah.1,1 oL>-1«*«»« 

^ Si t) jSj LiyS ,?t*ljJl *>13' Ji» cijJuliJl OjtJl £■» *JjU» 2u^ji JJIji IA 2LuJj 

.1 Ali J 4 «U olJi-j ^jIjPj J*«Jl Olja* ^^Ip t_ijrfU-li CjL»j-.jJI oL«lJb^— I 

jj £■ OjSo ii>L»j»»_pi -jA 9 ^iJl 1JL* tjlj*li*L KySJjM Ojj*<ai\ jw j_jj *3rbi-l L-...-t 

J .(Tenninal-Based Configurations) *J*I — iJl te^-K&JyZ Jl^Lil JU- jCf 

5 (JrljJl l)j^j OljjJaJl v^>LS'ls i j jjJ-iJl l_jUJI Ji« tie-_ r Jt 2jlc iLavaAii C^L«jJa> 

5 -i>j\*-J *M5 -«il uh JpLC ^jl* (^>ai vi*p- .5L4Lio> Sj.jJaJil m >Ua^^J) S^uJl 

i— ^>rj jyi u^J .JLoii-J.1 JJ £j* *->j£jt k^*^ p-'^js'' "^J*>i <J' O^ "S/Jj iCjL«j~«jJI 

JAl sr J X| i^JL )lj A^lpLkil CL> up^I P^ji S*^i ^T* "-** J**" ^ P ' '^J^" 

l^ > JJI -j fl JWWi-.l i_JJai t»*UjJl iJl* Jtt 4>l^J . JJjJ^I JJ ^« flJL?=i-^U 

.oU^kdl oJlA s^U-1 oU-Jlj jlUll Jjld 
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Coyote- Grap hics ftfl)d«dj- a/tycA'SJ 

^U&lftfj&M 5.1 

1 •*" «^j-jJl J* Sjy ^il; fcj^ jjj^j _5ijJ.| ^^.U.5 oL.^ 

-i-jJi 5 — JUS ^»^ ^LT .A^ J^ vjyCL- ^gij cJUll jJUaill t) Uf -2 

^J — - ■ J** dl £■ f uO -^ ^U> £. \/_,f (Two-Dimensional) 

A-*,f Jp -WT>- ^j t (GKS) oL.^jii Sly JL.jJii. Ldbi $ fjbw-j 
1-iSL. a*. .t£^Vl lijaJ-l cjUj^jH cbjiiuj GKS a,.^ ju ^Lidl 

£»' Jji H-^ uy js* ^ <-*>- «Ip <(ffigh4^vel Device Independent) 

.^j^ia^iJl jj^iJ 0U7N1 j£j 
al_* ol (Transformations) cj}L_pJl ^lp jsSjdb ^^M J*mJI o"" 5 *^ ~ 3 
(High-Level lSj: — ~J,1 a JVp i^UL-Jadl ,j~-T j>y Jxni ^.J tu^Aj j?Jl 
J — *Ai» J 3 — _cU- Oj>j 1**j1 ,Jj (aIpUi* cA«^«j ^u^?:ll Applications) 
(Hierachical Models) \*J* 7r ^* iiibx. pj*^ L/aJ . <j^>Lij^.j trjtijjai. 

PH1GS A__>.j^. ^ Ip <->^- 42-JjJ» flJbij jjadl ^ ol?>UJ» J^ 

•^-"l — i*j*" (Programmer's Hierarchical Interactive Graphics Standard) 

JL—J-j ,j~W 7!V^ji jWJ Aijyu ^ M2j| Jjl t)ljJ *~5 fj* U^ilji 4jJjjJs> 
ol — sLjJI liJUb 2L-.IjJj {j&^» .(CRT ^^ -fo* ) ^■ >L * J 1 ** (J^ *^»jp 

i^A ijxil ^ jg -»-t J** ys^* ^-*Ut. f jA^» L^jTj .(3—)adl P"^*-^ S-^^J 
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Catputer Graphics &&& &$) - &_/% C/^yj 

s si--- \ jUaS J*-iji »jLJI J^aiJl J ts^r^ 1 ^t— ll CjL»jjid Li^ljj W —5 

J »Vl ,JLp caLiIS' Jjj*aj CJt>jJstdl «JA flJbfci-l Uijl lit .J^Jsdlj j^idb 

A—il^" j • Sj^-SU *~«il ^j^-l ,>« ^l*-- 1 O^- ^ '^ l = , - , ^J i3 

^ r.\\ Ai}J\i JLSlid.1 LjJtjJrl j^mj 4*»ljJb f jii-> dJUiTj .3JLjaJl ^-IjJt 

.iSLsJl J**Jl oUi5t ,Ja*. ^Ip SjJjJ.1 

:nj\ d J * -jJl ^ Ip LUat» jUuS/I v^)C (J^Uj—j ^lill J^»i)l fjajs^i —6 

il__«Vl a_J!)C <_JLjiaI «. .1^ '**}£ Jl* UxSIj OjSw. .iiLJl J^^ill 

2L_ &S c/^_pdl SjJ-ij aU^I JX *i}J\ ^V oLilSCl jj^Jal ^jl LJp 

3 «Jli> ol Vj-i^y Ji i-J/dl — » J — 1«3 ,<4* iX^*^' t^L rtJl i SjU Ul —7 

oL» «»* Jl t5 ij»Hy' p-i^y ^~ ti *£»»■— «»■ .<— jj-»U-I tuL« »*"_y 

LI JL -»Jj Sjj «oj * jiUI J"*aAJl ^jAi -IA iji-JaJl r-iLJlj 

(Realistic Scenes) * — ;*ilj -A*U^ ^lil i) l$*lvWi-l J^lTj i(Polygons) 

(Hidden-Surface Removal) 3 jisdl ^jJa-Jl <->i>- Jl £h£ ^Jlj ^yw 

lil oJ 4 lit- ,^p £^-J >Al»Jl J***M l»tj .(Rendering) l$£*i> f j^j 

.-i l _.:^ -Al £_> I. ;Lfrj L^bji-J.lj Jajjail Jl. SLJaSU oUL&I UJU^I 

.j-j^Jlj 
JL-li^l oJ — *> J*4 01 UjU»- j53 C£*ljjJl 2**" i) CU) L.lJbf.i-1 j* f*Jl> 

l_jhjui A**,. JTU Jfi J*ii: ^Jlj (GKS) 4-jJa^ a*>All C *il J^ii" ^j^-i 

.i^jjl Oi«»Jil <^ 
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Catputer Graphics dC»<M>- gi^cAr// 



J-iJ^ 






J»- ^ /jJo^uj ^Ji (Graphical Primitives) iiA*j~Jl aA^\ oUU&i ^ ^^ 

4 j X.UJI lAy ^e- iz\s- J*au oU^jJt oUjfcJk *Jji CAULS' a*^ jU^j j| 2.1 

a— 4-J 1 ^^ ^ ^ ^Jl^-a^ l J* * uaJ tf^ 1 (Principle of Orthogonality) 

CijSj aiU- tC «J jt Olyjji Jti t<^jl^il aJl* oliJ ^ Sbj^il t-Jjo.U-1 w^ljj J 3.1 
i___^s> Oj^ -. 13U .oL»jJ-l ,y> 4LJL> 3Juv9 i5 lijUall .Lis ...At trj^L^JU (£J&-\ 

it »ul I i ttj j^all j-ie'^J -J*-' J dT t^ JjJ 256 o^j* 1 fjsi-o AiL* li-iJ ^jSil 4. 1 

i_i jS" .iLlS' Sjj^oj Sv»jUll oAA ^IjbtL-"^ ijS'lJJl *K»a- 0j& »jT . 512 x512 

JL»-lj3l oL^oU Jj_jvall j^Aze- ^JLp) JUpjVjJI 4m .sljj IaJUp- 4ijlkll OjS'lJLJl o>>- juii 

•__. 4 Jju^ (^l OiP tajliJli 5_^ 60 »j->*aJl *— j oU* i_ij^W' ^" ^i -Oj**^' J 1 

•jj^jJl A-U* Jj j^ »jj**Jl jV>li^ *JrU- 

(ParaUed 4—>Jj& a^jU^l y__* <_>j .LU il_^t £ aki^ll oVUl cs-M 5.1 

o »j J Ja*7 sjJUi. oU-U- iil)U» JbrjT i^ji^i. a^jjii. J . Architectures) 

J ^ jlj Jl ij^ij Ol^U^l; JiiJ jjI ..U»1... U g&ji u*« (jl* 1 -**-'■> 
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Computer Graphic 



$&> d*&) - q/jfy cfrjj 



» * 
(Fundamental Ideas) i-l—l^lSS 1 



% 



Introduction 

A Simple Plotting Procedure 

Image Formation 

The Synthetic Camera 

Separating The Viewer From The Objects ljjbA\ 

Two - Dimensional Viewing 

Device Independence 

Device-Independent Software 

Windows and Viewports 

Positioning 

Points, Liner, and Curves 

Points 

Vectors 

Curves 

Explicit Curves 

Implicit Form 

Parametric Form 

Portability Consideration 

Functionality Versus Format 

Defaults and Choices 

Error Handling 

Exercises 



•jj^ 1 ^jSj 2.2 
S-pUjavl j,^ tfT 3.2 
^S/l j* ^JLALill J^i 1.3.2 
JbJl UUf i jjll 2.3.2 
jl*M ^ *J^Us- , !il\ 3.3.2 
jl^J-l ^ lliiw oUijj 4.2 
l^l oliljjj iilji 5.2 
*i^» Ojo^ 6.2 

oL>w> tj»j]as- tJ»Ui 7.2 

-bUi 1.7.2 

ol**i. 2.7.2 

oLipx^ 3.7.2 

*Aj^> oLa>«i» 4.7.2 

y .«, J > *ij^> 5.7.2 

3~JU* iiwi 6.7.2 

Uidl ,J> oljUc^l jiuu 8.2 

<dSli Jjli. JUJbj 1.8.2 

l^IjW^Ij «^l>l JJU, 2.8.2 

frU^^iJjU 3.8.2 



JJJ' 



M 
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Computer Graphic 



g\3j &*&) - yyyjj gfryj 



(Fundamental ideas) Xutfb&f jlS&Vl 






-ij-AjLl t-ij.j.y-1 i^»L«j-«jJ l^-L-^l *-*lil.l i Js- <J>jiCi tJ_j*» cJ-^iJl IJL* j3 

Ig jLp t_ij*dl cfJLSijr, Lj^omj <LiL~li t^j^'J '*s^Ijj (j"** - c j*^*" *■** r/ 3 *^ <J j-Nr - 

j—ijjaj 3 SJLoUul Jfluis ^pJ *— ftUi.1 »JL* j*ji>* tiAf- Jjuflj .«JL;Jbi- OjSvl^> ^ .^ jl » 
j jjiaj jj—- 1 L^jl Jj c«UJl Jv"Jl J *x-AJk- t5^J 'GKS CjL«j— jJl Sljj 4>tjja^« 

(Sw^ple Pfottai; Procedure) fc£tfi£ ^Jlg ftitf b if^j 1.2 

.Vriy oU-yt uw 1.2 jSLiJl .cJliJl J^aiJl j 



Rain in spain 




■ I. »: 



Rainfall 

(,5-iJlj 'Plot' uf-H ^Wj ji—Ij aJIj J^i J& ^•lijJl s-^ 

.J>LlH ^ n I y,x cjLjIo^-I —1 

.(Label Of The Axes jjM jJT) Xj*a jj& -2 
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."plot" ^Ul ^J\ jt Jaia^JH d\j& -3 

P-J ^j' J 1 *J fj 2 •*» *- (Simulate) ,/U ^JUi dj*y UA j£-» ^ L~» 

Plot (n, x,y, xlabel, ylabeL title) 
int n; / *number of points */ 
float * x, * y ; / * x and y data array */ 
char * xlabel, *ylabel, * title ; 

{ 

draw- axes ( ); 

plot-data( ); 

label-axes ( ); 

draw-title ( ); 

} 

? J**i- UjVl oLL&l & J\ g -1 

.(String of Characters) j^jl -^ ^jVj (Line Segments) 
.(y,x) oi ;Ui J-ia uy J^jJij jj^» p-J J-jJ-* 4 c^ J' 1 -^' C^ 

3 j.e, a ^j LJ.T ^yfc) V-L-T j!Sl 0j& •*» -u-aLU al£^ J»- "Sljl b> 

aJL_* g ' M f * -^Ul £* ^ '^ Jaitodl ^ ^ ^ '"^ ^^ 

J> _Jl a ■l./. yi a£ ill J*- JUaJ ogUb-i o>> J flijVl ,y ^j/^ <^Ul 
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g&) (fed) , Qr/ty q/^jj 



(Scale cjLjUI u ~JZ ULp ( ji~ i i^J\ jf l jy ^\ &££ Oil .flSjVl «JJ» c*of 
jjLjaJ ^jUJl tJ ~ s £ g;^ uj UyT ,^»jUJi tf uJj^-J.1 frjJrJ j^UaiJ the Data) 

J CRT jl« *£ { J^>=- jU=* J* j&^ <->Uall ^U J S JJV JI 01 Uj . SjjjvJI 

ll t^iJb-jJl tf oLitJb-l Jjj^ M*^ ^^ 0j& 01 ,^i-i! Oil t^sk^ f \j 
. .jJts AijAUl Sjj^Jl oV l>Jj -^I^V 1 J 1 ** tzAj »-j Jl V-L-S/l *l£iil 43 

JiAl *L ity *j a aJtI*«J wi^jJ 5i^ -5^ ^^ .^ ^ i^W^ t'jrf 



iJ^ 5w. lJUoza j» lJMI l-i* 01 .4JI4JI Sj^^aJl <_~0" J*-? j^ dJUij (Objects) 

.(Picture Formation) #j>udj&j£? 2.2 

.*» .j^j-uail ^j^o OLkX^i (^j^.U-I ciiL»j-.jj SjoJiJI cjL*j^.^JI ^ ^5* 
•ll iUall 01 ,t_-» »~"VJ-I oL*j~»jJ Liv-lji j^- 3j^<aJl ,jij^> •^-'Lj^ <j /"-"j^ta 
^__jjJI _, J_j^dl Ji. SjjvaJl ^j^J J SjJLliJ jiS^I i5>Jlj ^-AJ-I oL-j^-JI iJu 

j—j jv*Jl 3 JLp t) J*trJ . la*- i.j* (Photograph) ^j-^ 1 ji j^aJlj (Painting) 

.2.2 JSLiJl 4)0^1-^ g^ 1 



C>^ 



»J 




5 j^» jijSj 2.2 J^LsJl 

i-^Jb-l (Two Entities) uyLT L^lJo OUSli Olj**^ 0U~i 2LUJI oJl* j LiaJ 

^j i*ll (>jVlj jU. i*yi j OjJlT ijJ&A s.LS.1 JLp c/j^ <l5-XJ»j iUj*- (I Ul 

t) ij_jrj- j » L* .(Iji-l53l) jijvaJl ^ ys*j Sj^l *W^I «-iA •i*Lil'l ^ 1 J 
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gv>) &d& ~ <yyty c/^yj 



^— Ll ) J- JT^ S '& X)» : U* ^ y <-»> L.-^ Ja^» iJb^j ijfj*. VyiA\ ijj^\ 

.SjjMl frU.^1 j> ^i LTy- ^ Uli, tjs iS 01 ^ pliJl Jit *U_il 

.<->^JZ ijj^, gk*. Jp o -wi L.j ^j f L-j JJ j* i Jjr Jl jij^J .Jucj *JU £ 

4 — Jl j — tJl c-iJJ 43-U- Vj jA&\ J^iiJt ^)) oL^bjJl ^li. ^ofi {fL* 
JLALill £. iLu^l JyZ UlU J « ** jllj ij^l *l~ify illjiil =LiX iiLdil (CW 

.JL«JI 5JLJ 0jjv!» tjij^d lldl UU <£ «i^» Jb^li tffjjl 




jl^Ij OUI JJ ^ ij^l ji/j 3.2 J-OJl 

^ u pJLiiij a-SLaJl cy & ■<&& ^ lH" 1 ^ £«t ^ *0s*» *^ J* 
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gtyddd-qy^c/^yj 








., 




JJJbbd 




r^/s s^ 




/ 


/ -^ 


Lens jV\s 


J?M /'^ 


I 


If. 


/ \ 




Retina 









ili-^l t£^u. ^j^ 4.2 JSCiM 
Jsj — Ja>- , t .uj ^ . ^ OjS^S «jj*oJI Ob j>»iJ Ol .hJtT.i.'i .Sjj^oll -Vj&j 4JL»P *-^iJ 

(Cento: Jol*--^! j5"j* (^pOj t (Viewing Pyramid) h j^ll f_^ 4*5 ^. Ix; **Jiz^. 
«j — » q* Js^ c?t ^^ .jjjadl *y-iJl jf ^-Jrl ^ -klidt £*- Jl tof Projection) 

t£>= — •** _jf «jj — -aI* <£f -** £* f^&i l£J& c(Projector) J»U~.^I Jaii i_k>jJ*U 

J Oi — ^ L*S" cjjtiiil s.y^Jl -t»L5j i»jj*9 *ip xi; (^JJi ^(Projection Plane) J^li-^l 

.5.2 J^iJl 
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§£bfrty~q,jt) cfrjj 











-ilj3 6.2 J^ill 



tbJ si Oj-N t)f l JtJj SJiLJl J^ ,j* al^J L«j 

.(7.2 j£-iJl jM) 5JL»LJi J^li iiLst jj^. 

4 SL 5>Ll» Luc. «-^IMj ^.L.^. }\ JU £ 

(Synthetic <— -~OJi jt * — jMja^l jij^i 

.Camera Analogy) 




SiibJl jjJJ 7.2 J^iJl 
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(The Synthetic Camera) (2g*S>f k %*^-"^* jjjuttt 4lT 3.2 
.(Separating The Viewer From The Objects) 5jjbJk» *U»*Jl jp 0»liil J*a» 1.3.2 
s^j — ^Jl jij&l &jA *i> & jt jlj4& aJT £• Sj -^ i^l J* {-& \*** 

f l .Vl j b^falj J& jl .Jl*Ull £• ijjl^l ft^Vl *lA jLj*x& M** J^l i^u 

g-^ly i-oUT ^ f ji ill lJl» J-fcj V^ Vj-W «) cA*j~J\ Xp ja iji±\ 

ijj „aJl lj s> j; JuizJ.\ {j*. of i cAaj^JI <£y. «^l*J t-Jk? cJtf" .cyl>j~.^l 

p -Ij ^Uj, 4*J*i c£> -Sjj-^J V^^ (—J 1 : *= 1L ^ </** J'j- 1 J^ i>* i J Al *' 

:^ L. Jl *^iJl ^ IjXt (Pen Plotter) ^-i* 

pen- up ( ); 
move-pen (xl , yl); 
pen-down ( ); 
move - pen (x2, y2); 

o, «nn (. — -ijii ^i^j u-* ^* (X2, ya) j (xi , yj) ce«sy ^'^-j <^" 

( , i tJJU.i j .piiJl Jl^l ^1 f-ljUf £*M tfaf -Wl .(cA^I jf ^Ij^i-JU) 

i_*Jai r — j pt i&»j (x 2 ,y2) Ji (xi,yO ur* r 1 ^ »***> 

.8.2 JSCiJl £ Ob* U^ i«#kiJl i#l* uy tMj 51 J^ 1 
^ J«ll j*, £\j$, c^~J 2.2 J5LiJl JI Uop ji 




Ci~ 



** H-> e»j* 8 - 2 J^ c-^j frill ft y^fl 0j& .^j-JJ oT^" ^Jl gVI oJla 

(xi, yi) ffp <vl— J»f ^ .^l <IT ^ JU-I y UT t^UeVl ^NJ <l l* ») 

.; J;t _^Ji ^j^o j\ i»u-^i oL^.i.j <£*=■*- j>- Uai£) g^to a* s-^ ' (x 2 , yi) j 

Sj ~> 01 .Cjlilill ij sJi«> oLL~j- J**i 01 aJp tJa^o Ja^ j^-j J^-l ^ tU^A 

ti^^Jl cjIjLp ^y AlJU. I-lS' aiUbl o. (_JUaJ Jaii ^ JLi^J.1 JUi CJbt — ^-1 aSA 

* * f 

L5 _JLfr JbilJ .oyUj-jJl cUiji jijjal y *x-jU L^LL. >iiJ Ui> CJIS' U*J Jj 

ij su -(Z*^ 1 f- 1 ^ <^ lj ^j •t— *-j ^^ ^ j y ^** <-^U>-l v 1 —*- JeJ 3 ^ 1 



1 vi- 
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gty dad) _ q/jMj c/^jrj 



•*£ >#& Si 

^•jjj ^ji il .ijPUa^a'ill jj^v^l aJL S^bLii iLM -j^j ^*j .(Graphics System) 

■j JJ>J 4JL4JP jl .^JJjJl "^J^r^J Jjl**^' Sy*"*^ *1*I— ■ CjLUoIj* JUJb>i£j .-il»..)*»rll 

,0>l> v*>_^l 3»«jjai* oL«4>> t5-^"i OjSvj «£~>- tCjLiys>l Ai sJL* JL>- «i (•*£! 1 »j waJl 

j — » jv *^ ^ t£ j^ cjL.j-.JI £>kjJ (Body - cJJull) ^.L-^l *. jJ?l Dl 

.(Viewer) -A*LiLl i_iv=u oljL* .1 
.(Objects) Sj>Al t L-iVl «Ju*J oljU .2 

s-j- jJ <ul ii« j_jv» fLsL »jii t^JJl «ljjvJl J>-* (1)jSj jJuS' jjvflj iLhc-Uaiuilj 

IJ A .^PrljjJlS' &j*cL» £ (j^ j* US' jj-^Jl ^ aL-L. _,Ukl j^j:. LU .3»I j jjIS' 

.9.2 JlCiW J ji-. j» US' jjvJl ,j> *LX. jl^l l j5o:. 



m itHja 3 



jlaUAIj SjjtJil *Lity ^ JS' ^ij/ 9.2 J&Jl 



: j'^VS' (Pseudocode) Sjl*i~* oIjLp aj ^.wa~J ^ -xl\ j*}/! ^UjJl IjJ^ -a* 

describe -bicycle( ); /* the viewer*/ 
describe - automobile ( ) ; / * a moving object * / 
describe- background ( ); /* non-moving objects */ 
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gtyfajb-astyv^yj 



while (desire-new-images) 

{ 

move- bicycle ( ); 

move - automobile ( ) ; 

output- new- image ( ); 

} 
oUj — o>)\ 3 — «jjii. jL*l (output-new-image) i-i^ ojj+o g\j*\ *&* ^yii 

^ \c Jj jJbr ijyp r-li*y oULJl »JL* -^yj JJ^ tlf^ ^^- , CjLi*s>ljll Jb^t 

.olijttdl ffflJjJ til "b^'j £j^ ••** •V-j-Jl "M - * *'j=^"l ^5^ Jr""^ Jl .iyajUJl 

(Two - Dimensional Viewing) : >**Jl Vl^ 5*UUy* 2.3 J 

il tuSi\ ^JX J i Ipj c^y^-" ?Ja— J ^J^y •jjl*^ ^W^l £**■ jW^I Ol^^U 

jL_jLfJl Jsl £ ak-lji i»jJai-l JaJ JbJi^ ^ oil . (Two Dimensional World) 

•(X2,y2) j (xi,yi) 



*%£- 



-Si -j> Juof (JjL~*A £ *5lj (41* ftjar Jl) jjJal* *.,-<iJ Jj^l ilL* Jbrji M 



r»"j* Oil .i£_yU*l.l jj-uij ;J (nil SjjJaJ.1 jtL£)|l fs^" <^ jl .U i LSwJJ 4-^JLi js^\ jjjal* 

I u$o: .4 jjj jlaLjJLI *Jaiu-j jjJiJ.1 f^-i-il c5j^~' ,>• s-j* <£\ ^i-^ ^ ^j^ 1 

Las' ijjjalkl t^j-iJl c£j2-w»j JL*Liil jjy jlJbr *j»rj \^!o_p jJ *JLwJl oJLft jj4" 

.10.2 JiLiJt^o^ 




BMdtiiigbrim 



Buckingham 
: Palace - 



k 



O 
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^ dw4) _ p-yy^j q/\,jj 



Oj — £. J — » Li .jl -Url J *pjj5 y (Window) SJLiLJl ^ Jj AJLJai— • is^i aJj 

.11.2 J^LfJl J jy j* 



OK 



1" 








SiiLJl jyJ 11 -2 J^-SJ* 

.aja— «j Sjjjai. fLif < Jwsj LuSot ,^11 (Function Line) Ja^-I *Jb -1 
f i i»d . liJJij aLJai-> Sail; ou^ b^i ^l j (Function Window) S-i»Ul *Jb -2 
ir^UjJl j£i 0j£. Ij£a .ijyJU UDlj jUJU JU-Jl jjSjIjJI <^A&H 

window (xmin, xmax, ymin, ymax); 
line(xl,yl, x2,y2); 
line (x2, y2, x3, y3); 
line (x4, y4, x5 , y5); 



line (xN-1, yN-1 XN, yN); 

.(Device Independence)jV$M 3J^5i-i\ 3.3.2 

<iijai\ oJLa ot £• .move-pen yj> So^lj *lb L> •w^-.l t Jj"il! Ub* c3 -jUjJrl 
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^jmJ Ijl* i£j i^jj jc- ul *>^i J*lj cline, window jd\s ^ Usju-I ja &"*-* b-V 

j *t gj ijJaA\ s^LiVlj hjjh o>li*»lj* os move-open *JlJJl £*£ d-=>- .L^-j-w 

-j 1$ — «£ ^ — fc y,x (Parameters) V-**^ oU»-j 0} .a^ai* J*-lj 
jb^ iijjj^\ c^^LJ-l JT s.1^-1 Up JLt-J.1 0? iiliiT LM JLiJ .^I^V 1 

JLilSi ol JU»j; J-ju (^j^^ jl iilit ii»L-L» Oli oJb-Jbr A^jLp 0-« Jst^-I ISI IpJiJl 

.line j window f.Jb«— j L»jl& di-i^ Lt « iLjJaJl o-i* i_J!5b*l 4s»-jl Jap-V 
U*p 01 .ilUiL ji«s -^Jl dll: ^ Jlj -Jl «Jl* ^ (Parameters) oUJLJLl 0j& L* 

» J ___£j (4iLdl &\A>-J (^ 0j5j -JgJl) ol yJ U l l «JlA J^fc ^ «JJ-^' CHJ^ 1 iJrbo 

ft( ^5jl JLiiJJ *_^£ Jais ^-J (Programming Paradigm) ^jJl jr ij-^1 l-i* 

oU >-j Ji Sjl -ij tft *j ,^-J Juii-il p^l; ji 0j£J &Ui>l jxJj t-^Jrl ,y js^Jl 

.(Device Independent) jl$ ^1 j* Ji>i~* g^UjJl 1J* ^Jj. IJJ t^lj^-^l jl^- 

JL-jt-JaJl Ob s-jJI ,«* 0j£j 4JlJL>-j 0^ j}^1 30j^—j £»kjJl <>li' j£iT Ja£» t/ -J 

(Device-Independent Software) jljaJt <>4 wJrtTurt uUjttQJ 4.2 

~__-l^ l_,j»- 3L_jL5' 0L_ £.^b J**- hfibk^W jJjvaJl ^L 5j=>Uil fjU. 0} 

I j » t) (Device Independent Graphics Package) j^Jrl tf- il&~** cjl>j^Ji 

«..L_Jjvl I i»iy Oj £. .jl^Jrl j^ JljJJl oii UtiUi-'Vl cjWzj j»j£ 01 s-^ 

.12.2 JiliiJ ^ j^. y> UJ' i (Graphics Library) 
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gVJ) fafy _ gyjj) cflryj 



User 
Program 



Returned Data 



Returned data 



Graphics 
Library 



Input 



Output 



Hardware 



'Jj — "'J J> 



jai 



p^ — ill oLL^U* :L» JljaJl ^ j^y ^Js- tJydl <? JLiJ 



.Xje*\j ojL.^Jt UjJl. i_3L5j.Ij (Initialize) JjfdU (Control Functions) ,*££ 

.(Primitives) 

dijSv-: — «» Jljj — II ^ — ,* Hjj VI « -i* (Interactive Programs aJpLC ^jO *!*'*> 

* 



i ^* . s«: 



t) c^iL.j — .Jl cjIjLp ■_,* ,^-sSjJl frjJrl C>_)£7 U^ tSjjkll *Lityj AijjH Jlji JU 1 

(Synthetic Camera 3 »?Ux^fl j iy^\ aJT »> SjtLd.1 Ll* Jtflj* i£Jl»-1 

ob — »-j J JljJ — ll *i — * iuLjlJb-1 jp jijjJl U jsaa-J ^Jl dJUt ^ ^Analogy) 
Jbrljj JUnLi^j Sjjji^» s-Lii ^JL^t ji ^ j3J JljjJl aJL» t) j .JUii*«il UjbJ ^gjl ilx'iil 
4 Jj^ll oQjb-^l JUjJaj:. UL* JLilJJ oClJb-l =L>jJa^ i3j«j IJJ cSlSCiil |l IP J 

Sji *-• ji.»^«) *^>L«A»> je jujdl (f t JjUJI blli* (^ .(World Coordinate - WC) 

.ilL* "orjj .aJ^&I ojLJU^-"^ window j line o^'j^V 1 ^ <^ (Parameters ^1 

alJ e-l 3 Jj£jl oLJlJb-^1 OjSj t)t i_^ ^j t<i»l.jJaJj jja** £ t**^. aJa^O^ 

j..i- ...Jl 5_^>Jl a_^-UN ^(Floating Point) M~J> 4UUh ^\i f l3jf / aj 
Jl (VLSI f . ^' 



; Jl * ^ JU-I j* US') OjjSLlI ^ ^jlji" ol j^-j fl Osw-l 
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Computet Graphic $t <jf*i)) -<y/J) Q/^JJ 

tejo cjUa^oi" ^(Physical Devices) IJLSsM oj^-SlI &*y ^}j^^ ^ ■ A:p 
oljt — it JL»jJ l_^£ .(Plotters) *£&■ f~-\jjj (Graphics Terminals) &\*j~» Ji 

(Graphical i^»l*j— jlJ Ol — *rj£ r-L-_ il ^JLp Sjjli Oj£sJ S -^ar^l «*U> i*«~>w» 

id) li uj>i^ V Ot Lip ttfy^l jp S-b-ljJl «jLb£ Sj^^l a!* oVj .Output) 

(Raster Terminal) ^ — iJl ^^-JLI aJ^k aja^ liLi J^ ^H^. .j^y a5 ijltil 
1 *ij t(Frame Buffer) Sj^aU jLSiVI ^jj* J "b*&**p .»IjlpI cjIj £*'.>■" 4J*~»Ijj 

i}^r\ oLJlJb-1 OjJaJU OV .oLj4^L; 3u«li« 0^=-l> Oj£l t)f £-ll£ ■*» <«*^' (•—"'j" 

0j_5o a — Sj (Device Coordinate-DC) jU^ 1 olJlJb-l ^ju Jtyo^lj ^V^ 4 

. jl**r J53 ul» 

(WC J) Jui: -II Jj ^ oa-bM ^1 Jii o^ Ljlja^ d^L oLilo^l Jjj^ 

J 'j^a \ — 4 f»j E ^ ll aJULdl 0U3.ll t^JL=-l «JL» OjlC? . jl^A-l oLjIjs-I J[ 

p-lj — ^Ij Jl a 1 *! »J4*s-lt { J& ^jS>«iu. 4>jfcJ,l d)j£J IjJaJj idl* »j j>-s<aj .«i>L«j*»JI 

0>l — Jfjja^* j * JLjJLP- \*j\z£. LJL»^b pjjij cyLtj^^l Tf^ji **y>- cl>l Ij-J^rf J* (ioLi* 

.(DC Systems) Sj4*.Vl *uLlU».l 

jLg — =M (5 — JjVf") 4- — «"L* cl — JlJL>-l jl jLj =M ol jI'A?-! jj-«j 4>>jJaiX. cJjju 

.eulfl j - M l jja«l (Normalized Device Ctoordinate-NDC) 
j — Jlji jL»Vi a<*i UJb4 jj NDC oLllJb-1 *j>J&+ ^ lJb«-l -.gis 01 ^k^.; 

dj Su (jL bA?-ljjl jl^Jr-l LJ atiwd .JL>-lj /rlj^l jW' 5 ' l - J ^*J** , J p^'j! ^j^ (►* 



■y2J 



/e H J«-»ljjJl {j* "i/Jb 5 J J><^* *****! W^J ^J 3 * - < j^'- jW^ - ' CjLjIJI>-I IajJo^J' AJNjLj 

Li i-iiJ-l rlj^V' •j**f ^ lj* 3l ^- i J'l Oj^J 0? t(««--tll j>* .*JjiJ.I jj^aJl CUs*x»t 
j^slji — il jl iSj — Jii J»-tj jLf*- Uj&tl jJ cillij « .Ail^t o>LjIJj-I iuL»j)iu aJLc- 
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Computer Graphic 



^d^-oy^cyVyj 



3-^ hjj^ ^UstjJl jji*. il^ Lielk-li ^(Theoretical or Virtual Device) 
(Unit i*—^j £ — ,ja oli ^j&W jLjJrl l-U ojSL ZAs> .^j&W jl^Ll U» 
Ji — -Jl Aijlj O/J tfJl\j <(NDC) jl^Jrl oUIj^I jyj o^. j^ J Square) 

5 — *J^ o — • J^^ 1 Jij^ 1 '■** -Ms f*j .U-Ull J ^^ _^=-T jlp (DC) jLgJrl 

a_V*jj 3 4=5 ija-lji DC o-Lft jl^-I i.jj6i. Jj ^JdyWl Ujl^ NDC oLjlJb-l 

I — <Js tp j» . ^tI I o "Ajj^r Ojjait t/51 ^ .(Device Driver) j^Jrl "jW ».a>-jj i_j_,*j 

S-» >-J «U«i W~J J*~ Jl j>* t>j5o JSJUX- itt.jS Sj^srl Cjjb jt tJjJbr jl$*- iju-^f 






sAi^l v^^Lij^JI 13.2 jSlill 

.NDC ^jk* Jl .ufc-.H WC ^>> a* Jo>Jl : JjVl 

(Physical tf SJb- jl^ JldLl ^ji .DC Jl NDC j*~ ^ Jij^Jl :$ldl 

^ jUii_-.l ^ jL&s-VI U* tjA^I J] JU^I ^* y «Ul t_~Jj; v dj£j Device) 

-WC Jl f cj>3 NDC j^ JJ Vji o^ull 

(Windows and Viewports) hjjl\ CiU\&J &\}&\ 5.2 

JjS .NDC £ S>U- aki ,il WC t) »^M f gy Jo* jl J^ (j*- 



6JL. 
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Computet Graphic 



tfty&'ty-qyjfy&^yj 



-* cJwj^Jt\ ,Ji *jjj*\ ,j£«j AiUis^ f y&*» tlij)jjai\ l^jUII Jliilj fjJi\ JJ 



I \ p j\ j^-^l Ji& Jb4i« .(Viewport) % }J\ ajIjj" — • y*— j I* {\-&*z**\ J^ 

J NDC - Jl - WC <y (Mapping) JUl aJL^p J^ yf *J JL*. i jy/! > j,jA J«j 

*L i^l J\ ail OjSs> (^SO JiJl iJlA jjJJ jA jjall oJlA i£JU~l Oj-Kj . (3 J=> o-VP 

jl^ Jr 4^>jU ^ i_JjUail tjJrl Ji <tl£ ^ ^Uljj NDC *U*» ^ f j* til SjjfcJ- 1 

« * ^jl «Jl J) t^Jjj Uj£i tAJLx- jS- U Jb- Jl AJiijkJl oJL* OjSO OS .Trlj^l 

fcy JLiLill tf f.y>r <£\ AjJo*ii >L5ll dii'^j Jv»»l 



(1.1) 



V max 

Vmin 



. 14.2 jSliJl () NDC <^ ^Subarea) 



Uinjn U max 
\ j^Jl Uj; 14.2 j£iJl 

-NDC t) 3 is* i 4^ Jl WC <) SaiU JJJ f 

:SJLJl aJIjJi AJL-ljj(Viewport) i.j^l Wj. a^ ^ jSj 
viewport (u-min, u-max, v-min, v-max); 
(Parameters) ■- >! ;*' ■ » ■* OjS^J window o-iiUft a3I-> i-i^ .^jjU *lj*-l cjtf y*j 

:3JB i»j^l j«i ^t ^ Jbuj^l j^J .NDC «.U^j '»*-^ «i}J\ Uy. 

O ^ U min < Umax < 1 
O £ V min < Vmax < 1 

£_> (Unit Square) Sa^- j gy cf »j^ NDC *U»i J V^l^^l 3-iLiJl o^l 

.jL-JJ JLi-Jl 4ijljJ\ ^ ^ J^Sll ijai 

: JUI ^lijJi 5«Ja5 £• jfel^il (mapping ) J»LJ\ Jli^il 1^50:. 0>/\ 
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Computer Graphic 



^A} daaj) _ gyyl) c/^Jj 



window (x-min, x-max, y-min, y-max); 
viewport (u-min, u-max, v-min, v-max); 
line (xi, yi, x 2 , y 2 ); 

t^j^Jl U*p 0^A£ (viewport) ; b jjl Wjo (window) a»b)l jdUJl at £• 

**-* '**& Si Jj^ ol ^ (x 25 y 2 ) j(x, ,y,) l Ji^«Jl Oy *Uj)l J^l W»* j& 

.15.2 jSLiJl t) o~ UTNDC ,Ui £ ((u 2 ,v 2 ) j (u llVl ) C*U uy *Mj 




wc 



-> X 



(1.1) 




... .-( , 

C-'nuub "max) 

I •• 

I ^* I 
1 ^*^ I 

• -._ j 

1 1— ►u 



NDC 



i^ 3U]bi Jii 15.2 J&Jl 



4 — ~Ju Jij^Jl Oj£~» t(window-viewport) <jl_^Jl - SJitdl ^ L5 kit* rjjJ 
iiaiJ ^l>L, Ji_pdl oliiil gjr...; .(WC) V_>&' oLJl^l ^ -UUJl £-«- JU. 
US' NDC frUai J (u,v) U JJV s J» AJaill oJU Jij jf ^j WC J (x,y) **Ip 

.16.2j£jJ» J 



(X maxj >mm) 


C" ma» Vniax) 


!» 






• 


' '" SJr^ 








IX mini * min) 


(U miib "min) 



NDCJl WC^J^ 1 16^2 JSLiJl 
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Computer Graphic 



$& &$ - ^yi) cArJJ 



^ (4* -J .'*i}J\ Uy Ja- j J l^UJ ^ Jl WC 5-A*U Ja^j ^ ijai Jii 

;y } X Ji*^Vl ^r* J& *l£l"*» Sj^aj i_~-UJl ^-^l** 



>-min 



U 



U 



nun 



^max Xmin ^max "min 
y — ymin V — Vjjiin 



- V 



mm 



"max 'min 

-.J* ^J. <i^ (u,v) aW-o oV^Ull «-i* J»- o 5 * 



„_,. , u max- u min ( \ 

U ~ U min + *>* A min-'> 



x max " x min 



V = V„.„ = 
nun 



v max ~ v min 



'max J min 



vj ~ y min ' ' 



o^.3L_»U 6J * *k^\ji Ukj*- f± (l™ 6 procedure) -k^-l AjtA J aIm) JS' 

t 16.2 j£— iJl ^ a_j~* US' aJU Ja-jf U 0*4 Jiil .NDC *U» ^ J**- *4*» J*JbJ 

- fr.s: i A< jt ^ o^l cJlT ISI .SJLiUl J^b Ja=J-» 4*JaS i.U -^ blT ^i" J~>- 

cl7.2 JlCiJl i> 0^ L^ '»- i * ul1 £>*■ d^ 3 " ^ ^"^ ^M 1 





(1.1) 


(x max* ymax) 


* ■,- 


y^ 


j*^*f?-$5- 


S^ 




• 

( x mm. ymin) 


(U rniai ViBjh) 




(o.oT 



(CUpping) f-Udl 17.2j£ill 
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Computer Graphic 



M^-^yi) c/^yj 



j^isJl — , j — Us ol j^jjl yi- jjjjai ^yk^. \l^i .; iiUl }jje>. f - jA ^, (Clipped) 

tLJb ,Ji" v3^ <J/>|I oUL&l ^ d\ jAjA jJLU t ^U_| oi^Ji ^ .(Clipping) 

•ui — ~ d^I jl— «* t?V (DC) jl—fJrl oLJl "«4 ojla*. J ( r ,s) *k* Ji (u,v) 

j\ ~JJ (J li .Jl «Jjlj OljUs-J ,^-5. ^jP jU>- UljJ <j«/aJ t Jtdl (jL— ^it 

.18.2 J&ftJl J u~ j* ivf ( w> SmM ) cWJ U*Ji VAi ol^Hj (r min , s^) 



(u max. Vmax) 

• 


( r maxj Smax) 




r* r # 


• 

(Tnrini VmiaJ 


(Tram* SnunJ 



jl^l oLJlo^l Jl JJ5J1 18.2 JSLsJl 



:^L US' j* jUJrl o.LJlJL»-l Ji JiJl 0j& Oil 



r=r min + 



u max " u min 

Stnav "** 



S=Smm + 



max "min /-.„ \ 

v -v • m,n 

v max v nun 



^t« t JbiiJLJ 5L — JL 1*4^ 0j5o Jtf o^aLAl e±A jUs S-Aj-Ap ys-lji iSU* 0*.^ 

.^jLJI J^ill J JLbJl 
.(Positioning) gijl.1 UUfOftJ 6.2 

Jj .AjjiUi SjuUJlI jf V^Jl i^ J**«d ^jjJl Vj« j S^ 1 J'j^j jj^ f-t^ 
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Computer Graphic 



jfl frty - c/jrt) cfryj 



r L-^V h^-^ - 1 liiSU. *H*» ^L>j-j JL.jt^' GKS **$*<* <Jwj Ji JliJ^l 

JbJL^ Ji* 4ja~-J 4*£* jl4^ iilli* (3^9 4-lj.» -V& cr* < - 5 >** "JJ^ *^ iS £"*J* 

Oj £j ai i(GKS LdU- J) *V ^j^ ^*^- ^ ^b- 'J* if/** J*"** J 1 *^ 1 

tS-^f JJlJb -jP d->Jb j*i-J V U*£j Uj^j UiJb4 Jli ^l^l Iaa Jl» .-A~-jJl 

line (xi, yi, x 2 , y 2 ); -^ ^ b j 1 ^ 1 M ^* u 

-(x 2 ,y 2 ) S\ (xi, yi) o* -^ *A» *-*-->* <$ Aj*^ ^ ^• x *^\ -^ 

:U* cfCjt^j' l jcJaK>-M« L* J»pjj 

>_» Ja_J4 Jj—^. oL.jUl -^ 4*1^ L. JT :LiU 

.JJt^lj S^ (line) i»i-l AJb t lpJ^I 

.19.2 J^liJl 4) 0^ ^ J*** 1 -* 



feyO 




(xi.yO 



jlWil 19.2 J&JI 



line (xl, yl, , xl, y2); 
line (xl, y2, x2, y2); 
line ( x2, y2, x2, yl); 
line (x2, yi, xl, yl); 

.-.1 . 1.. jj^b <J} j\J*J lift Ja»-!& .ApLJl VjiP- ol4b »ijJa~ £=» dllij l^j* 

- cJbJbr ^ J! ^> 4^-1 ji >• L. s.^ J«i iJijf jJ II* J=l»:& Jl U^iL 

•line *1IjJJ *Ua^.\ JS' jsJJ LJLp 
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Computer Graphic 



$&>&»&) -cySti cAryj 



d\ L^\ j» t5 lWl ^Jjll *>M ■£. lil l~i J jL-dl Jj U^ oljLwV ,0* 01 

l£j ^ ^ y tii ^ t£l i>" jl~^ «-*•*» j U^Lc .20.2 

& . lineJail alb ^ UT itf^. iS,JJ-\ ^ sJUUT 



01 



^jUJi «fc,l^ 20.2 j£iJl 






J 0j — >3 Jaii i _■■.«.! 2L*-Jl j^lj *l 0J .4i~,aJl Julji* OjlSCj (!)f ja V-A* i"ji V— *" W^ 

(Current Jt-J-1 £-» j^ jj ^ LsMk*.L i "oljk* 3Lu- fL-Sfl Jl (02 "Jlito 

.WC *U** (^ oL^-JI (Cursor) ULsJl jij- jf oL>j-.j iiJju^' Position-Cp) 
tWC pL jri j ^-J^ ,>:. CP 0t Uj .i5]>Jl JU-I ^jll CP J=*i toij tf t £ 
CP = (CP X , CP y ) : Ji UTj ^^ J 4^ Ol^-V^ 

.^Vl ^ CP J* J^ y^J CP Z aiUl Up y^l a«Jl ^j 
line- to (x, y) :*J^ line Ja^U Ldb Jto^u-J ^^x. 

Uyf -(x,y) ^ ^j (CPx, CP y ) ^ W i* ajri oy^ ^^V 1 ^ f>- 
3_J»jJl ^ lfcto-1 Ju* 01 <(x,y) Jl (CPx,CP y )-J «JW W» js^ ^j^^ 1 ^ fj% 
I :.il &j£> 0VI .-^ *«i=5 j*\ *J[ cL^it l> ^t tf \ -w- ci.jL2Jl S>» ,3 line-to 
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Computer Graphic $® &®-yJ$ Q^_/J 

ji. iJl sJbdl ±>Jal-\ ,ja *Jai ijujjj LSj: V £~?- -line £• »*j*-j* c^ 3 I *&*••* 

move - to (x,y) 

*->j >T <J^ Ji^j .(x,y) JI (CPx, CP y ) jwJ ^ *}\^\ o±» **4>j 

/i — * line-to j move-to j^Jl-dl <JnjtJ f •& .uisJlJJl uyl* ^ Uai-1 "<>jj* ^f -*jjj 

i_)ta 4sU>I oil L^SjC. i,~-Jl aSjII JjJ^- V"^ -tttLJ-^l .iiikil 1 3 ^a; ^j** (x,y) 

line-rel (dx, dy) 
js-aii £• (CPx+dx, CPy+dy) Jj (CPx, CPy) ^ ^V J^L' ««tl .-»>* ^ 

u >.. a..i move-rel 4-JUJl ,Jl_j yd I u&:. I.K* . JbJbM ^Sjll Jl CP ^^U £f /' 

CP J — ^ ojS'y l~>« <->j~" ^Jl box (side) ,^-w ^ iJb Ju*LJ o^l .«_jjL.^I 

."side" <uU> £• 

box (side) 
float side; 

{ 

move-rel (-side 12, - side/2) ; 
line — rel ( side, 0.0); 
line - rel (0.0, side); 
line — rel (-side, 0.0); 
line - rel (0.0, - side); 
move- rel (side/2,side/2); 

> 

lS -A* Oj £ M tJ1 JJ jJb (CP) ^ty ^U-l £»jll ii>J aJLdl dUi Ja^ 

£A-jujA J»iJ*i aJU- J jiJJ <£? Jl iJljJl oJLft £-li£ "^ I JJ . SJUsr i.U oJLPli £j- ji\ 

J S' j^ 61 j* aLjp r Lai Lt JS* .olJlJb-^l A Lp- ^ iihit Js>Lu LajS'lj* l)j$J 

^Jcftz. «J frlj^-> .i_jjlkil aSjII t) CP ^waj ,-W move —to — > box aJUU s.U-j&*»1 

L^«l »Jb>-lj SjLp- jvJo .y» A?rb^ L. JT c~«Ujj J ^IjW*- ■_/* UjUu L. jl JjlJlS' box 
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Computer Graphic jVi) <Ji«ib) _ gy /i) q/\*jj 

.line Jai-I *Jb ^ ^Ioai-4 j-- l£JJi (Absolute Positioning) jUali ^S^li 

j . ^jjl I i* f Jb^«o" Sjlup iSjA oL.jii>j (Gspc79) CORE ojJiL. 01 

<i>.L_£ lit. c^yJ .^jMudl ».!* Ji* £• JS'Liil ^y**; iLDLa a*.^ .<e~3 *»jll A»^ 

move- to (x,y); 
window (xl,yl,x2,y2); 
line-to (a,b); 

SJL*L_Jdl i^jj i ot VI tmove-to ^JlJJl *k~.t_*CP JU-> £> o_5 f La 

^-J .line-to *JUJl t.\f-x**\ aJs-Ij* Utf JajUl i*i*S iJyj* JJ Ojjil a* (Viewing) 
*- ^__JI j . C&&&- cAi.^- *^M J" 1 * £^ -^ ^"^ p-"j* f j* <-*S r^j^ Cj* 

*^ ijll a. jl£ ojjai. U . (Relative Positioning) y~-Ji <«f j^ -^M '**_)&> £*£■ 

j >-H j^-jy £* V <GKS *) * Jj— j* ^ '(Absolute Positioning) jlUl 
jL_,jbi 3 .jli^ f Ijwc^L dAJij ^Sjil jl..a4 ^ 4_, a_^U =L.jki* iiAA»«s«.i -_y 

Bj K' -» cybj-j u^J ^» »***i-U cjUj-JJ *->> 01 .(Paper 81) LOGO 
jli-Jl Jy- ilj^ SU^L. JLH ^Sjll jU^L 4»>il *U f >- .(Turtle Graphics) 
>t— ij f L-Sl Jl 4^ 01 SU^JUI ^Oor-Lj .„U-JI U^j- £ c-i* fli l«~> 
;LbJL.. M .ft £»j- 01 .fliW o^ jl c»y ot Sli~l~U c—J Ui* -jW" j* us-J 1 Jl 
.oL.^ Jl ol_^ aJ* f >" JU Jj- l«*> ■*** (CP) ^ C?>* J^- 
^^^ fJ _JD (Initialization Function) -^ ^ Si^b di&j W ^ ^^^^ 

initialize (x,y); 
forward (distance); 
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Computer Graphic $b d*ty -C//J) c/*yj 

right (degrees); 
left (degrees); 
pen-up( ); 
pen-down ( ); 

<3 tju> US' JiLbJLJl *Jy> JLiP IJLj (box) £ij* <-*!j»J fjrt .«» i ii*jjaj.t oAa jj 

for(i=o;i<4;i++) 

{ 

forward (side) ; 
left (90.0); 

} 

i^>\j * >±&j ojl-xirf^t 5jjIj cjU-ji sjipj side aUoJI Jj^L 5*J j*Jia U*5 li^ 

GKS a . jji^. j JU-I j* US' jUall ^Sjil -i^ **ji*^ uf ^ ajjlslL. £*jl» u^ 

fU^L ji-Jbr jiy^ .CORE VjJi> J JbM j* US' , s? --Jl ^Sjll J^ i^lai* j? 
.(CORE, GKS) Oi 1 " j^ 1 eft 51 * ^ t>* t^ 1 ****- ^Uj-»j IaJoi* £j\a>^*\ y» 

(Poinft, Zwn« and Curves) UUiOMJ Itjkr cttUI 7.2 

i_^jja^. U>-Jbii-J i_>^- ^Jl (Entities) «uUL£jl iJl*»j ilSLiu. Jl Sj>^ 0^1 

■t* tJiiJl I JLa ,3 (Two Dimensions) ^-^ <JJ cjIjL>J1 o JL* c-a*ojj f j>Jfc~» .cjUj—jJI 

L. *4 (Three Dimensions) :>U.f a^jC Jl JSzJ Ujup t^ o^ U Jl jJJ <J>y» ^iUi 

3 J^l ^L-UJt iJ^ 4. Juai j^Jiili s-^l (Dimensionality) iU.\ jap- oi 

^ J b^j: oV cJ^lj -A*i *i _k-M t JliU J^ J* .U*> Us.lj*i U^-gj 11 *I^~U 

jA La cdAJi JL-tV) .^j* *J u-J «--£ Jai-I j& toct" c5> Oy JjW 1 
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Computer Graphic 



jfty frdj) _ gr/ft c/vryj 



J>j * A (JUJL ^ji jl v> Aja^ iiLi J^ ^ JJ-I .oL-M^l J .kM Jj=- 




olu>»i. 21.2 JS^iJl 

(Points) : JcVSi 1.7.2 

(Zero- i£j *^& £* *Jl &\'z ajj — ]aut ft L it jC&C AJliil 4-a-Ul ^ J»liJl 

.Lj_JLp aJj1» iiA—lJ s^lj^i aJsi—J *il £j£Jj tUiiJl J *3y« U aJaJSJl .Dimensional) 

.22.2 j£dJl (Jj^UT aJaiJl 




► x 




>Uil «!Stt-*-» 



jiOw -t : J HoSi 13.0. jCiil 
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Computer Graphic 



fitydrfd-vSij&^yj 



X 

y 



riiji^oA *j**) ifis*^ °'^ (Column Vector) >y*- 



ij-JiJ i (Two-Dimensional Vector) jl«i^l ^Li as^l* ^jj Silp iu^i « ja 



p= 



.22.2 jSCiJl j* j>-Jl M- 1 ^ u*f y ^ 
.(Vectors) Olf*a» 2.7.2 

.23.2 J&dl J ui^ l*^ (x2,y2) j (xl,yl) uy 




4»i. .Jo,*: 23.2 J^-iJl 
.Jb US' Jljdl J^ aaL4I j ajlJLi" ^ j(u«d\ ^/>j:. AiU 
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Computer Graphic 



'0&®)-O '/bcAiyj 






tan 8 = 



x 2 -x, 



(x,yy 




. JS^iJl ^ iJbr <iUls£ oL*ll jJU i Jii 3 ijOJUi. ^Slfj-AH jEo i$*.j ^ 23.2 

(Random- ,vl>£*Jt £~*^ ^->W»jl*- iJUoj i3 Vj^^*' 
Jgj.. JaiLl A* ^y SJLJLwu ^j f JUl .Scan Displays) 

.24.2 J^iJl t) Oir* ^-^ 

«U^I a*j*^ (^i ' J*^" 1 i «W ^ *}"* tK "^ 
JJL_* i>\ ,gUl A-JaSJl ^J Split oUj&l JJ ^ *5^>U) 4il^ aka Jl (A*A\ jV) 

.(Vector Displays) " *»•& *zAj>j\& — > 

.25.2 j£*J» «j u&ii a 1 * 11 r^ 1 j 1 ^ 1 J* ^ y 

^\ Po iJaUt if Jai^ *«t* <-*** <^ *-r*J ^*- Up ' 
t d a^I ik-l^ li* i^-l Wa* «Ui a>j~ p. <P1 iS_^ ^£i 



tf -ijiJi ^-J.1 i>> 24.2 jSLiJi 




|d|= V(xl-xo) 2 +(yi-yo) 2 ' 



tanG- 



X!-x 
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Computer Graphic (jfi) &*$> - ajty <3^yj 

:AbUM ila^Uj oJL* Jai-I A»ja» ^jlp 4*SljJl JjULU <Jl*?j L^t. o'yi 

p (a) = p + ad 

J| ji .«Jj Po ^ *U^I p (a) AjbiJi j±»«^j t^ivail £y frl«Xil a 3^-i oatajl Lois' 

£>\ JaiLl j (^^Js- </-Ul a*i*s» v^* 1 ^ ^_*< — '. >ik£j: .oJL* Jai-I A*Ja* bL,<?lj d «l4l 

jL_dl 11a ol .(Hardware) iolit oUj£il aJs-U. skU l^S jjy ^ 1^,1 J, ci.i-1 
ak — .J.I cjUrb^^l j&-\ 01 .(Parametric Representation) JaadJ y*J«il J^*JI y 

OVl .»t-4VI «J> *>J J 0j£j 4*^ ^JkvaJJ flJb*i-l J^ast Of tj* JliU IJt* ^ 

.cjL^JiI JtS^d iLJUl AwJl f- yZ>y i—lji ^ L*Uia1 *=r *i»» 

(Curves) : oLwcit 3.7.2 
■jg — II S SjJaJl 0j5i 01 t^jj^r^Jl (j* U ~J ^4 L. UU- ci_j^»bM cjL.j^,j J 

s * * 
Cij >J IJaJ .Ujb o oax«J lJj^. (^ JLM — ^>«i*il sUoLv- iJU- j* Jai.1 .alULl « JU, 

I jj ti.Ull oLi^dl till; Jl JU&li* 0j& J»jkrfJJ L^JLAi-J <J»y» /Jl Li*rJl f- 1,31 

(Explicit Curves) ksj*» obw 4.7 J 
: t v s *Jj J^ 34^1 a^ai\ {\jl*±*\ j£\ lijjL. OjSC. LcJ 

y = f(x) 

js— ii*T x i^OA:: ^j> alaU. 5j*y Jb i^^t iju*aj ^jja** y X^*ll jjidl 0j£j 

* * , 

i_Jlt .1 — iyl 44^. 4i^ y* -a- g(y) : J-i-dl «u^ d^ c^-Wl ,>«j Ji-w 

I^lb US' J^SlI 4w3 JUp UjS'y SjJbj iarfJU lijllil o^iULl 0j$J 

y=mx+h 
y=Vr 2 -x 2 . 
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Computer Graphic 



gVd) frty-g/jty cf\ryj 



h j (Slope) -ki-l J^ j* m <. 262 j£iJl J &J\ Ja*jJ v-JW 
.cpj^l Jail-l £. aISL^. lis jj .(y-Intercept) y jj&\ ^ £jJ=tSii 

^ a_i JUL J c^U^L. JJ.1 <jj£ vi^- 




t£l J — j-bJ "if else" cjIjLjo iila? z^jJl 0j5c«. o~>- ii_— L* ■£* jj£> <_* y* 
i j-a a4lJI *p^J.\ jS'Liil i£A»\ OjSj a^IsM ilSLiil «Jla .V^U^t^t ._*£ (j!?**^ 
J_j«-Up .iUUJU j^aII J~*dl U i_ft-^i ^llj (Axis Dependence) jj^\ ,Js- 4iiL»i^l 

.}L- ilL* OjSC. "i iL~£ Ji^J.1 
;U»j Oi^U'I jcd-Ci* iiUL» SjSloil 5Ua«i.\ 14^1 abUil ^ 

I^Jj Li' j^^l <JuatJl 1*1 j x jj^J iij» inSl^JI SjSl All c_Ju<au Jus ijk^at iiz\A\ :Vj? 

y = -V!? r ^ r 



.p^v* J-i£ SjJUlJ Jbrjj "^ *lf jJJi 



it* {&£*•» 



jl LSo:. li^jbj 



- r ix,y<r 
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Computer Graphic ^ &**d - Z/jty Q/^JJ 

ol ->cJ. a*jj*> 0j& V J* j .SjJUiJ iL-Jb Vjj*-' oblall «JL* J*Vl ^ ,^-CJj 

.JLoidl SiJb 

(Implicit Form) 2-^aJi &~,oJl 5.7.2 
: JLi US' J^l iJLi; a^ UjT^. S^jI Jl *kl*« »_-£j 01 t*_3^itil ^ 

x* + yW 
(Implicit Curve) ^^o-JJ <£»*aJl J~**U J&* '•** 
g(x,y) = o 

A— « 4 JjlilL t^ ^1 j^^ll jJLp £& *3jl*« ^iaii C-jlS' Yi[ UJ jLsrf-l j^ ^Tt S-tftt 

.^»Jwl ^jlp IUSIj i»lju oL£] *i^> 

j^-^ (x,y) i . &£ *\gy UM HiJ, LjaJ bj& V a* coUl cjVULI J 

(il *>— s *^ 1 ' — -^ s-£ ^ .(Arbitrary Implicit Equation) ^jU^-l Ju*- i> 4bU* 
tJj— 5d Ij — * Ajjlaj olp Oj^j ,^ilj (Numerical Analysis) 3j^a*Jl Jjidl cA^& 

£— 1** ^ p*^ — »«j I • Ult ciiJJj £« .o^t»j-*^l oL^jld oLt>*i. jlJjJ J #JLi« 

(Polynomial ija_J-l ota__. a* ol — -^>^ J-uJ i^f a^ £• Kj&a 5-u-^Jl 
<^j — & V a» tUA .jiUJl J-tfiJI t) l^-^ {jit-rj (Surfaces) ^_jk«Jlj Curves) 
3 !U-l o)j tL^-lji £^»_f £ 4-^5 (Real-Time Display) ^^i^-1 o"jfl J>sf 

.iiji»A JjJ>- l y M i. obLJ-l ^jLJ a5 g (x,y) <>»ii*U -SjOJ-l sOjOp ^aJ i^li-l 

(V*vaJl <L=j: S-jiIj Jb > y&jj iJaiM iJalac. ,JJ 3j*J 

ax + by+c = o 
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Computer Graphic 



a—sAm* J**. 015L.^Ij Aif U ^ s — i u^l 5JLai ((Parameters) c^LJk» dVitf 
dili Sja*H 4*^1 01 <L~£ s j\& ^ UIp .Jai-1 jjjj Oj-a, ^jU^l 5Jb-lj 

(a') 2 + (b^ 2 = l 

.kj-l iij^J J^»»T ^ Jl J^ayJl ^Jai-J 
^_JLp 4_^jJI L^j:„ .27.2 JSlill ^ Li^l 
:olilikl ^ JJS £. OUl ^Ij^-l 

j — * J sT « Jai-I *t»U; jloi« 01 -1 

(-c/b) j (- c/a) aiL—il jup OjS^i y,x jjj^i 
.Jljdl^j^t^.y 
-(-a/b) Jl bjl— i4J J-. Oj£. -2 
,4ijlji> Oj£j JAl jj-jij *-• J»jjai-I *-*- —3 
. (JLvty iai-l ,J^ Lo .^ Oj-C b/a Jl VsjL~« aJL. Jo* <^\ -4 

:JaiLi Jt j^Slt 4^ ^ 4*L-ji ^f ii^i aJLw jLa^/i >^ -i^U 
ax + by + c = o 

.b/a Oj^, loi-l J* ij^\ J^ Oil c - a/b j» Uli^ 1) JaiLl J** 01 U.j 

ij_-**Jl J i£ sJy* IJL3 i-kuH J^ J^S/I *Ja£ ^ f j-^ ij-*Jl Li* 6jS0 l>J j 

raJull aJjUi.1 
bx-ay=o 

.^tiidi aJ«; ^ J^»J W~ <j&t '0^^* (3 o^*** M c^-^i o^i 



* 

i 




/ 


v ax+hy + c^o 


-c/bi 


^v -1 

_5v 9= tag 1-tA) 




^^^S 




v ■* 

-c/a 



>~~* <-> jj« J«=- 27.2 JS^SJl 



-ac 



be 



x = 



y = 



a +b~ a +b 

:^ ii-i Jl J^Vi *fess ,y «lJ.i Oj& oil 
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Computer Graphic 



g>\® frlfy _ g/j§ gfayj 



d= V x2+ y 2 



g- ../77J * <^il ^Jtdl ^ J^ i y*£ (a 2 +b 2 = 1) «jj~" f -a» JaiLi o\T lil 

x = -ac 
y = -bc 

ibUll Ai^ C^ilS"j *;U»^I &Uj j) JasLl jjw f lil . J*>ty ati ^ C &L~« -i»Jj 

ax + by + c= o 
c J if j J*»ty Ajai ^ (Unit Normal) o Os-j *ys- iJyJ (a, b) sJaiJl 0l» 

.a^jApj <£j^*ji Oy MLi* Is^e ilL* <!)j£j cjUuI 5j^j iJt»- jjjj 

Ja — iU ^ » c.j — pt y> — Ja=J-l injaij iSj^%. 

(Explicit « 5=^1 ii^aJLl a^L uf .Ui'tf 

i^ ui — A* p — "■jM f l«Jb*s — ->1 *j2i-J c Form) 

.28.2 jCiJl 

-o* ii ,y -^ • (x2,y2) j (xl 5 yl) y«Ji ^ta & ^liJlj JJLl ^L-J- 




u^all tt-^Jl i_>L^-l 2S.2 jSLiJl 



m=tan0 



= y-yi ^ y 2 -yi 



x-x, 



x 2 x, 



JUI -^vaJl Jii-JI jj^- J j*a?JJ uuJl ,Jfi 0d>\A\ &)o <~>ji> £^al 
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Computer Graphic ^di^d-q/y^cA^yj 

(x 2 - xi) y - (y 2 - yi ) x + x t y 2 - x 2 yi=o . 

L-JSjl ISI AJ^ <_Jj—U~l 0»Uj-.jJ *«-Jb 2U$* Aiu^oi\ oJtA 0j& I insist Sjj^aj 

■^J — k^ 1 d 3 * £^ J^ •-^'^ , U '-J h ^ ^J^" ^i* l (Interactive Application) 
VI t 3 — ijl^llj Ap^l i»jkJ-l -^ "J^T p*si JLu-^Jl ii^l 01 j* fPjJb :^ jf 

K . * 

^ \& «J£ IjijIjia 4Ja& c-ilS^ lil L*j Aiyw *_-^j3 L« Lilt clSjsM <&»£>• :Uli 

\ »JliP *l£! ill oOA Jl* Lii J 9 .tf^l/l JbUJ\ ,^t ^1 ,jy JvljM .kJ-l *jja* 

V J S UjL- SUiiill IjU-^Jl U^l .oJlsUl Jp^b «j3 Sast- 4*]ai lil UJ JLiJLrtf. Jjbi 

i±.. .. ,->- ^ ^g>o. J;i*J *i~*> Jvsif it4i ^j 7 L,JUp t^j 9 ^ 3i£Li>* liu: -A* ;Ultf 

.c^UtjJl jf liilil olij£U Ijau-ljj -Op hi\J\ JjUJI jJjI 

(Parametric Form) LUxLt 3*-,oJl 6.7.2 

Vj j .JS'Lill oJLa ^ jjiT ^-iava (Parametric) -k--jJl jT ^-Axil J^l 01 

3 ^j^Jl iiu^Jl ^ v jdsl»t» ^Jbi^-J 't^ 3 *^ «_i-i*f SJb-Jj *hU* (iJUli* Oj>J 01 ^ 

:'t' ^Jtf ij*Lw IA 
x=x(t) 

y = y(t) 

I -£jl t (x2, y2) j (xl,yl) ov^ Oy J^'j 11 J"^ V-J^ * J 1 ^ 1 J«- ls 1 ^ 

:^cJhll (j^JiUili ^ij?xio»i 
x = (l-t)xl+tx2 
y = (l-t)yl+ty2 
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Computer Graphic 



gty frty . <?yi) (r/\,yj 



j_^. ji :., j&j ii2AU JL^jJl ( ^JA\ J^l ^ oViUil cf ^jjJI 10* 61 
J__ ijs- Ji^-V .4bl*-U ^Vl «-*jk3l :>>»*- vL-3- aJj$~J liJUij taJUil.1 Aj*aJt 

t=l Uj & Ujl^j '(Xi,yO 3k«Jl cjLjU*-} <^jl*ll bJa*S l=o l)j& L.JUP tjbll 

CjL_JLp s-ljsr'y 2LJ^' **~yaJl a JL* »|JbU-.l LlF-Ual^Lj t(x 2 ,y2) ^OaiJl ,JLp- J-**f£ 

J»l SJl ^y* *1~»L»» -lJjJ *JalA*J c^j jjiiO t Ijj^l lit .Jojjai-I j4a» ,U-i>J Af>jl> 

t3 t / , ^-l CJ^aUll oJL* Oj£j <jl ^">JL . ijji-io 0>ljjai£ t <bLjj liilij Jai-I 4jJaS ,Jp 

.(Hardware Line Generator) Jai-I JJyJ l^L. cjUjSL. ^Ijb^i-.l 

XJjj l^i t.A»-lj (jj ji-,0 ^« t i*-5 jwio JUP 

CJ 1 ^ £*' tf" * (^ ^^ -OWJ J (XuYi) 

i.kJ-1 JU> £# 5 Jj^i.1 J*UJl cJljM c(o,l) t5^ 

.29.2jCjJl^ofc.j*ur 





(X2,y 2 ) 




^„x*t>l 


fri.yO.x' 


^t=l 


t=0 





UJiw i_»j** is- 29.2 jSLill 



»»1 



J'j- 



_i iliJl J a_JUil A^aJl f.Lbtu-1 JLJl^l Jl lia^E 3ja»-^il tJUk 



.30.2 j5LiJl J jy UT OUI.L& J»>4-l ^ jojai 





ia]»V&/> jjA Ail* -i_l l«l>liji «Joi -I 

Ja-* AaJaS bj L-i jlji Qj£l JjU L.JL* ilja*.^ US' cAJ^Ltdl eJlft Ji* buJ Ji 
jlj_iJl I J » Ji. JUt 01 .l5>^I o\U-l j^ *OP J Uytj SiiUJl jjJ»- J^b ** 
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Computer Graphic ifflfyd) -(?_/&) C^yj 

jj5u "b/ lilt ^JpliJ 1>>2U dSl l>i cOUUia oUa^ 1*1 U-i JuJbi -J* j^ ^^f 

* « -* *H J Ja — sL* ^ «Ja» **l^J iliJij J^L. UjjL Jk; Jj-,a^-l fJaz-J .4jJU~« 

: ajk-ljj Jjty Jai-l 4*Jai JUJLst »i .JuJUil 
X = (1-t) Xj + tx 2 

y= (l-t) yi +ty 2 
o<t<l. 

; ij US' iiLi* *iu*p f Js- J jjy2»JJ S Vd"^ MAX~J <-*J*o l3U^ -^"l l **i a * Ulj 

X -(1-S)X 3 + SX4 

y = (l-s)y 3 + sy 4 

0<S<1. 

o"iW «il ^ iji^j^l !sW J*£ t^JLJl (s,t) &* £_}j ^V ^LsJl *kiJ JjJ^ ^ 

<£_)! J iZJ^*Ull $ •jfc.hdl y,x £*»j ; tf*-l j>jj .(X,y) 3)aiJl viiLSlOa-l ^-^ j^U J-^- 

:^U US' t,S ,jij«=il ij CftJ^U* ^ liU«- J5 Oj^J tc^^Vt f lJb-l 
(X4 - X 3 ) S + (X,-X 2 ) t = X) -X 3 

(y4 - y 3 ) s + (y,-y2) t = yi-y 3 

a J A J >■ * ja:... ,-i t4 ijljX* ji*- i>jM-l »JL* lilio dilli t)l*^ Jjj^-Jl ,j> 

"^Ij col *kUS ObJbOJli tJ^ljllj >*J» <jy l -«X t,s OlT bl .t,s *Uty olhUl.1 

(Portability Consideration) AiJftiU (& ub^** j*A 8.2 

(Device-Independent jUj — =M j* ili^. cA»^j X*Jb£. (Software Engineering) 

j I JUIjj oju&I c .jLill (Ji*. ^ Jtf-jjA* JjaUJ o A* Oj^J . Graphics System ) 

: jciaj J^ jlsUi v_Jv dJi £• tili-il ttjJl. <^' 

ji ^ .Ji aij jUJri j* alfc-li g-ljfli *-j- ,y ■***-" «J« J^' ^ 

v ..I.-. ^.^ ..j £ ^ a>.j>- fiJb^L ji*M -y 1 ^^-^ ^W^jj V^" f -H** 

.^^ t p-^^ «-hUS" J U ty^j •■J^* s j& ^(Standard Graphics Package) 
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Computer Graphic $b&b-qrj§rf*JJ 

4 9tj ( JL^ Oj& l« Uli- jl^M (/> 3J^i— .1 Ji^i Jarl {j* ',«* J OLijJW* **-lji^ 

C jL$Jrl /»P ^lii—ll JT^IjiJl ^*j»- <**& C-'Luw' y&*~ Q* ^jSv l*J5 .AOuf jjP JLjJl=>tdl 

. jl^Jrl JLp ^.jLcpVI JjJ- liil* 5b Ji SjIp 

>j2J i_Jj— .AiL&AJj UaiLl «^Tj jini ,oJl dJUj ,-A ijjr- Sll 4-*^il 4~Jil)l Ul ."LiU 

(Functionality Versus Format) U&SJl J-£ ijLfcjJl 1.8.2 
Ujt^w- lit* JbJU>o f jju <^-**~ i \Juaj oliv^lj^ <j^>Lo)l c->Lw?ljil Oj>J o^Ip 

ja y-»LiJl cs^ Oj^ lib. tGKS ^_^« yj-Li aJU- i) ib. t(Standard) ^--W^l 
» I »j Ig /y*--" *i-* c-Uw-l ill "te* it^^-l c^L* ji*j« ilb* . JljJLJIj izjMj*-"^! 

sljj ^ JUlil jiU 01 JJ ijyydl Jl £l2£ Jj^ty <>• JS^I dJJLft J&ry Jljj V 
^i__jyd 2L~.l~.Vt SJljJl jt S.ljSr-^11 _/^l jki JUlJ t Jldl J^ JLp .g>ljJl 3Uj=- 

J»j — M-l J-* — *=•• w c-^j (Basic Line -Segment Defining Procedure) Ja=J~l **JaS 

- )*« ^ SJLJL. tjjj*i ^1-jJl »-i* fjj«j .cjUj^JlI (Jafc* t} Uls~ ij»r- jil (polyline) 

4_iJliJl a JtdJl Jl JLJliJl *i"Jl j/j 2uil±3l ikSJl J.I JjS/l a^ill ^ IlJU i.^Jai-1 

j j p :<j^ ^jdl j * ,jol U. aJIjJI oJL* OtS' i-j-bjJl oLL^Ijll Ujui JL» ,IJ5s*j 

01 £- « .WC J c?f iJjT liLSlJb-l JaUJlj a=-lj tf jf\ *y>^> us- 0j£j J»UJl 

:Ja«S iUiil s-Oa^^l j» i)\s-y iiiJU» Oj^j tL>w»lj Oj^vj V -IS iJlft 
.jJiJLl (Initialized) JL< c ^ ^ Lc^J clAJi JU* . (polyline)J?jjy-l 



'jjr^ 



.^CjI \j» 1st l yu — 4Jl^ jJ> Oj^j J* -t>UJl J -LP —2 

j:— iy </ JJI c (function call) t- Uui^l -Up JJIaJl ^1 U ijj V oL.y*ll «Jla 

5 I-t^ g,\ c*l oj P lilJli* JbrjJ .^*lJjJ ^l^ JL* ob^Ldl ^ *^« Pj» -XS^Aj 

tGPL 01 j— fjy 5iL _ n ,iwJ.I j^—Vl ,^J ^ . j a. i .. "i .C AiJ ^> (Binding) JauljdJ *>«v»ljj 
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Computer Graphic (i$>d»ty-q/j/i)&\ryj 

Uxplk-W .C Ail ^ 4*frll $ jJrl ^^L-SU ^U-l L-jfi, £. ^^ \l |JU ^j 

J J J* jLa*V f t«s**-l tj poly-line jl polyline U? "fc* 5=^»l_, ,.k-t ^Ub^-,1 

j* UT g toUl ^^ aJ {0*^,1 i#- gpolylinep-'bll {-Ubtu-b ^LiJt GKS Ur 

j_» fOAs—II p— W PHIGS 3 -jjfc, UU J U cGKS Jtja £8* £. JU-1 

(/ l (j — ^ d^ ^ j^ 1 cr* 1 ^ f GKS ^ i*jjadl 01 Joj& <_ij-. .ppolyline 

t jt_pwJ\ :oJl ^-tJ Vjl .(Parameters) oLJLJ.1 J& i^lsu *UJl 0^1 -J»--V- 

j 1 ?(shorttype) ji^li £>Jl ^ jf (long type) Ji>Jt £>Jl ^ y> i .uJl of > 

Jlj — Uf l$J l»OAl»i AiLtotll 0U-J3JI 4JjJ~ui (ji-J li» c a int" p y y ^Jl*ll U*>- 

: Jliil J~~» ^5!** Gint «juULJI * jj Ls^I^j »Jb*^Mj «3j-*> .include «Jd* <J »-i* j^JaJ 

Gint num - pt; 
£j^_ityj Gint oliLJl £j> Jutf JuLT jjq. of JUiJ.1 fjj?:../. .gpolyline illoU 
tJ>JL. J jfgks.h t) oL.jLJ.1 aJL* ^.j oi£.^Ij .Gchar j Gfloat tS>^^ V-^-Vl 

i^L \a J,l *jLi> s.^ j^-j 1 0W U^jf t j^-T include 

typedef int Gint; 
typedef float Gfloat; 
typedef char Gchar; 

tul ;LJl (^jliji^L* (Jijyj f jj> y o4 ti-j- (polyline l^Jta (jtfltj J,i jj*; 

■L».uj ioUlSCi Sjlp JilU* Jb^-jJ (Fortran) Oljij •>» Ji* iiJ 1) .LuiJ JS\ tfljJt oJA 
oL-joVl ,/> i ^La y> GKS =UjJ^ Oj^J l>i .^ ^Ul^.1 **-y C *^ £ 

.Gfloat ^.L.^1 £>J1 f Jbu-J of s-« ,JJ iWC SJ^ oQj^"V» 
i^ l-i' typedef *K-t_* C AiJ ^ S*>\J\ <$ aJaiJl 
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Computer Graphic ^\3) <frri>j _ y_/i) gfryj 

typedef struct 

{ 

Gfloat x; 

Gfloat y; 

}Gpt; 

t y y I jl* t J»U; a» jjiyx* Jl j&y tf- SjLp polyline 4JI4JI o^^ju tij*5 *L~>- 

Gint num-pt; 
Gptarray-pt[NUM]; 

gpolyline (num - pt, array-pt); 
cjUUI ^lylj liU-^j U^jl. £• JljJill fU-l ja C iiL JsuljJl .JJk li£* 
(Lowest-Level Types) i}:>S/l cS>: — -J.1 ob ^Vl of cdUi iMjj} £• 4jjjj*JI 
jri ... t) ol — .jUll »j — » Jl jLiu .(Locally) U*t u jua^ 01S-^Ij tGint i^ 

.(Fonnat of Standard ) ,^-LiJl JSLsJL oU-ty 

(Defaults and Choices) OljLsM j JL*»jsJt Ji\JL» 2.8.2 

<_i jjxdl *L~> j f lJbitia.1 *Ja*»ljj jt (enumerated types) J*U aLLSJI 9 \jH\ JJbu-Ijj 

^lj_jt i-^ujt Jl Jity J*, l^-iy ^ 48 < JlsLl J~- ,> .C -Aii J "define" 
^Juell J*Uj (Dashed) ^kHl Ja-U, {(Solid) Jviii J>4-l :^» J.jti-1 j* Ail* 
^j_. .4 43 i2 i.\'*=^^> ^4pL £l^ty »J* JbJi^ ^i .(Dashed-Dotted) JaiAl - 

#define GLN- SOLID 1 
#define GLN -DASH 2 
Mefine GLN -DOT 3 

#define GLN -DOTDASH 4 
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Computer Graphic $$&2b-eyJ§&*fj 

J* .(Discrete) 4*ki> ojZs ■jjl oL.^UdJ Ia^aa 0j& £jj$M aJl «*!> 0} 

(Solid *-. -£• oU.1 ~. SU. ^tjrf a*ijf Uuj^ GKS A*>i. f>J c Jl±U J~- 

: Jt UTj £\j&S juJI J^U ^ Areas) 
typedefenum 
{ 

GHOLLOW, / * draw only the boundary */ 
GSOLID, / * fill with a solid color */ 
GPAT, / * fill with a pattern of colors */ 
GHATCH, / * fill with cross hatched lines */ 
}GfiU-int- style; 

Ja — 5* (Uppercase Character Strings) Sjv&l jyj\ ^ *_>ji*s> ^Uwu-Ij *> jfc~- 
la — »Vp Sjjvaj "define" u*j*S\ SjL*. £ U rs*^ jyj^ <-i ji^j ~uD ablsll HjJ^AJ 
,c-»L»j*«jJI *> jjiy:. jLci (yl^- _/•! ^r-Jj SJ-=M a£\jJI i~jjL*Lj jLta ^*1 y> jl^Nl Li* 

Olji^l — if <^>l -JUil ^ jji^J V»Jb (Defaults) kt^\ji^\ *-5J» f Lbw-I 01 

1 *JbJL^ i5_^_r J » jl ^ -LiJl ^ IaJUJL£ -*i Jl* <Ja=M *• yj ijj^aiS ^ili-ij V*-*^ 1 

:GKS ^jJai^ <jl g^v *M -*-* </k ^ Jl *■&& J 33 ". 
#include < gks.h > /* typedefs defined by standard */ 
#include < local - gks- typedefs.h> 
#include < local - gks-defaults.h> 

cGKS « *jJiL£. Ja— -J9 4v»b^ C.....1 LiUaill a JL» 0? JLS"jJ 01 3jS c t^j^ •>• 

.cjL*»L* L>Jbtiu»l LUIS' lji^>t-\jj» <*-» jp Cr^J 

(Error Handling) *-Uaj=-*5H JjUJ 3.8 2 

(Device- jl$ =U ^ — * aIXi — *~» ^ — »ljj 3 — «j3- f a*£~o igJb\ ^»lijJl S^Ip 

^ hjA, t-o^. (^Jl3l aLu *> a3 jli> tkj (run) JLj"j iJj- Independent Package) 
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Computer Graphic 



$ib&fy-q/J&)<z?»jj 



w* 9 



■t :*bVl j t JaJl IJLJ. Sop «_jL~-I JLILa jj^i . -b-lj jL$Jr a^U aJb. 

. jl^J-l ^ ilt~Al oL^j>Jl <J} l$*4» fr<>? s-j «y*Us> y l^ 
i^x. aJl oJl «Jl* j^ils .(polyline) J»_jjta^-1 ibJUi. sJb jUp^I Jij Jb^Ll 



iji- 



5 — «5lj J»j — JajJ-l «Ja5 OjIxJ -t^ iv»jl»Jl l J* liU-jjt »- liL ^jjjj (Two Inputs) 
SjLp aJl -Jl Oj£j t oL.jl*ll »i* Ijip L. ,pAiA\ Jl £-la£ "^ JUbj oJLsUt i y M i, 
.31.2 j£iJt J ju* UT (Black Box) »jJ J)-u*» 



num- points ^ 

xy-data ^ 



gpolyline 




-► Error message 



Jj-if J jOi^ J» jbs. jjua, 31.2 J^JtJt 



a — lb (^1 jt (polyline) i»j_Jai-l »iJ — »ia aJb JLisj al*. oLstjj a> js- *■ j£ .JlS' 
3 LiJ-l J oUtjjJl iiJlT b» Li* ai^. jyjL. ^ \J tl ilJi Jb Sj^Lpj >4tfjBt f 

.(Standard) a~*L» 

Ji J°j-^i J— 5 Jj— Sli Jj-* • ■■ ^l l f jt^L. of £• ctM-l ^d a^*, aJT Ojjo 
^j: — »l ..uii^ll ^.\j, J iJaiUl (Debugging - ^yauj^ij) ^^JuS' ^ Sjja^ vub yw 

°' — i^ji 5 — -»j»- £ * (Link) *)ajj (Tj (User Program) JLii^ «U^ 5jbS^ lui 

u^jo— ^ <j — * o — ^ <Ar*J -Js^l -^ Jk* ^^>- f ,yj tli ivjU o^L._ r » J U 
J J*—* " Jj — B *ll-j r LL-J J debugger) frUa*^l .JuilT ^JJu* ^ t^ylil 
j\l tl J JL*^! SijOst a^jUl Juh Ci^J Ji ."1234 olj^Jl jup polyline illaJl 
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Computer Graphic $$ &$> -<? J^ C^JJ 

*L£Jj U*=U gsi ^ *Ub £ J4L& L£c, Nj o^-Sll (jjJiwJl Ji* polyline aJUJI 

^Jp .oL.j-.jJI aJI Jd aAxJl J JL^I J^ Usia^f J^5 j^ j! polyline aJUil Js^" t> 

^UiAi— 1 <Jjl si L. -up JS'li* v_-~i -^ SJLiUl cyL4y»lj^ J t]^- tjl « Jlil.1 J-v 

Ip j ^t .- polyline * 1UJI aja^.1^ ib-AsM JUjJajU ^Ja* bl l~J Jj^»J SJjLJI 

^^J SJT OjJbj cAi^Li-JLl L- dlSj oUpIjII ^ U* Ji- W d* ■«- bl .Lu^jL* 

.a=^>.^» polyline aJI^JI oLJ** oJl-T jJ j^- "polyline t) J*^ **+^ 

U^-X. tuULo jJOi ilb JT fL» *JJ./*» j* OjIjjjl^iJI aAA ^SjJr» JJ-I <JJ^S! 



a_Jb f j_JJ (SJLil Jl cjLL^Ijv. c) tW- «-~~»j JLiisJl t\3 W djO^ lit cUa q* 

a. i^- ,.U ^jjliJ i5>Jl 01 .<^>Ujdl oULj £ jiJb" L.JL* W aH-j ^j^V: ••A»U* 

^_1p LjJ^-j 5Wij, ,\fc*ty gfl jf tfcsU pij jf 5>i SiipU alb JT rj a if Ui ^ 

J .(Standard Error-Logging Device) t\ — J^Sfl J**—J ^-^ j^ i> J* ^* 

\ )^ JT j ju^j pi, J~£ alb JT aK-»ji *Ua^l £* r* PHIGS, GKS &jte* 

polyline a_JlaJl *lPJto-» xp * JliU J«- J* -«t u" u p*J J** ^ ^V^ J-* 6, 
."13 aJuil J 100 U^-l" JSliU »JU »>- W ili-j **Jy Jl tf aji cSo^ij atas ^ 
tt 3L_-i ij*-^ Ji C L^ Jlj7 ^ Uf ^ ^W ipVJ^^H j^aAI icA-jUl »A* <r 

. oi U.-,„.,JI itU-Jl ^j^^r. Oj5j L^l 
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Computer Graphic 



j>\® &A) _ g//i) o/^yj 



o-ufi 




a~a oii i y \f 32.2 JiJJi 



t5 _Jp \jr-^> ji »**" ^ 'yr^ 1 J-* (Zooming vi^ 1 ^ j»£o (-1j& ***** °i ! - 2 

f. ill al«i jt SaiUl j^wj- U jfei; aJL-ljj (Cjjdl j^ ( ^ .j^T jy .i^UJl 

jj^l ^ 4-1- dbJIy. (Cjjdl c) Uaas-JiI aiJJl t/^-SJ dl^tj* .(Scaling) 
.^liut tf& jf ^JUj ^. J**i LS" lil UJ a*aJ ^Ul J* ? i^jUJl ^jl*- 

J 5^-i^ 5^*3 j>£* dUij (Pinhole Camera) V^l *=-» oli S^lT v^y u ^<- 2 - 2 

JU-jJl .32.2 j£ — iJl J Oiy US' l-j«£» tijJU/=> 
3— j_^I 4»<idlt ju XiL-ll j* ijL* \j±*\£ti f cSj^Jl 
ij-ji-y t) 4 — «^»j jr j — } t? i — II (Film) (%-L*J'j 

j ft oLjlJb-^l i»jji> jS'y t)f <»J . JjJ^val 1 

jj_^\ jU :-\ LS L* OjS^i z »L4I t)f j *?«^Jl Ai* 

$ j, — LjJI ls Ip ^j** i(OpticalAxis) t^.,^ 1 

. JLiJl ljU (X,y,z) .AiO iki »jjV> j^JaJ jjl . JjJi*aII •_/■=■,£• 

(Absolute j — U»U /*— *^ -J 1 — i**^ ^ — 4* cjI*j -j l«^fci* ^03*1-0 liiil ^j^ 3.2 

(Relative ■ - ,h *— Jjll J jJisi U^» l)j£j cjUj-j i«jjaii pA*» .Positioning) 

>U*j .-U dllij line -to j move-to :f u^lj*-! ^^ p* &*. ^ .Positioning) 

.Jaii line Aj*^ 

(Aspect (j— v»*l a i j* v-j LjL 0_jXi tib SiJ^I **'jo iiibJl ^ J>J £"— J ^i 4.2 

iJl-S' .NDC *W»* Ji Jill p^ L.jup jSLiJl Ai^J V--U Si tsJJlj .,jyil3t Ratio) 

J * ? 4i j-ii (ijjb j£jJI ^ J»UJ-I J^f j- (Mapping) JiJl 5JL«> jiji; i±-LS0r_ 

\#>-j2-\ oLL (^t «1U» ciJlS' jl ^illlU-ljal Jl*^ jup uyLl- dLJL* JL^j: 

. jlUl ^5jil ajo^ o^Jai- ,y LOGO Jl *iLi» ^5^ ->***■ **Jvj> d^ 5.2 

j Jjbj f ji; *Jb jf s-ljsrl JS' Oi j* oJu»r oUj*.j OjtA i*<il jl \A\ t5JL>-l 01 6.2 

tfl .fUt^Sfl jJJU" jj^ii y^l dyUoJl »lj»rf i^ dpt .frllt*S(l ^ il^oil VAUL. 

.line Jai-I ^j*-l l) *v^j (^»ri ^iW-Sfl ^ £_y 
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Computer Graphic j\i) £*i}) _ qyjfy zfayj 



J — ^ V« jjl>* <**-^" U^U. . y = r sinB jx=r cos9 (Parametric Equations) 
9 ^-^j'j 11 '*—** "L-i JJJ (r,o) ^j Syl Jl JLp ^2; aki ^ ftJL—JL. dJij SjJb 

.^•UjJl -Lis U**- ^^-i J*-f ^y. o^Jl IjjljU (Sine and Cosine) fix 

-S,t l ji^*Lu AJbttZ^L i\*i\ Jj^Ij ^ r- jk-Ji i_iv«J «J»-r...; g .2 

x = f(s,t), 

y = g(s,t) 5 

z= h (s,t). 

4 — JaiJt a — ^ (^2= — - Jay- y = yo + pt j x = xo+at *JUl 4-JLJj cy^Uil vJua; 9,2 

.^Ji J** £• p j a c-jljili oy a£A* -^j\ . (xo, y ) 
3 — jJbtll 5 — i^l f Jb^i»j (Hardware) aoU.1 iidjj^J.1 sJj—Ijj Jai-I «—jJ J^W Sjip 10.2 

,J\j iJ\ ^J.1 jl^Jr cjio J*J& oj**rf ot « . A»Jai~\ JUljJ 9.2 Jij*Jl J l*T 

J*flj iaa 1 - 4»Ja3 liJLP- ,ji»j»l .^1j/»-i V 5ilj 4P^ JLS 1 J- LlSJI dJLij^i pji tCRT 

Jl j—ivall jy. t ^lijJ V>JL* li-^ 4j«l*> 4^*9 b£ . -(X^yj) J (xi,yi) iJi&iJt jy 

.»JtL-i( Jajt-I 4*^35 J-* ^ tAJt-»> J^«il u-^-i f l«-lJ' -^j*"^ cJ»-ljll 

,.Ull «.Uui)lj L^»L^A\j (Spatial Curves) yU»ill cyLi*Jkl ^y -^jl ^^a UIp 11.2 
^*1*U ,^>«j1I jW*"^ 1 J** ^-^ .(Parameter Space) 
x(t) = t(l-t) 

y (t) =t 

. ( ^Jui\ *U"Jt J y,t j x,t <^>Lv>^. ,y y,x ^ aiOso; d^ij (x,y) uuiLJlOa-l 

x(t) = t(l-t) 
y(t) = t(l-t). 

;V^\ 3b*^iJl JljJJl *)a-.l^ <-V>- al«^l ijftU ti^^ -i^tJ 13.2 

x(t) = sint 
y (t) = cost 
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Computet Graphic ^\3) <fefl) _ gy/lj g^yj 

z(t)=t 

4i^ J U,4~j 3U»ljJl .kU 3Uk* *kU« .-J^l c,vblJl JbJl ^ pl,po J^tii liiiwU 14.2 

p(a) = p, + ad, 
•Pi J^ J^va=-JJ a i*J a*j( .(Unit Length) Jjt> «^j d ot ^p- 

. (Viewport) *i}J\ V ^ Oi*-j>j (Window) Jiibll olJLJt j* ,jiib£ OiPjj t-j^I 15.2 
iy\Li; jup i^ aTtJl VJ^Jl Ail^j SJiUl jyl^l Jip yi^i *U»^l ^ f^y i/i 16.2 

.^jjJl ijljjj SaiLJl tJJltj 
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Computer Graphic gtf) &*&) - <?yto cf*yj 
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Computet Graphic 



&$>&&>. Qtjfy&'JJ 



(Two -Bimeiksional Graphics) uAatJI ifSuj «jyU^-^> 



Introduction 

Device- Independent Graphics Standards 

Hie Programmer's Model 

Logical And Physical Workstations 

Communicating With Hie Hardware 

Implementation Issues 

Graphics Functions 

Output Functions 

Control Functions 

Attributes 

Viewing And Transformation Functions 

Input Functions 

Segmentation Functions 

Metafiles 

Inquiry Functions 

Simple Program 

The Pen-Plotter Model 

Plyline And Text 

Viewing 

The Normalization Transformation 

Clipping 

The Workstation Transformation 

Control 

Initialization 

The Error File 



jl^Jrl ^ &b..<« oUj~ijJl o»L*«L» 1.3 

e*^ 1 eV 2 - 3 
iiiii otjSCii ^ Juaryi 2.2.3 

JUdl ^ ViUi 3.2.3 

cyl^.jll Jlp 3.3 

jrl^ljlji 1-3.3 

(f>~Jl) {£*& Jlp 2.3.3 

Sjjjf ti>lirf» 3.3.3 

Jij^Jlj (idAUil) ^1 Jljj 4.3.3 

Jl^lJlja 5.3.3 

isj^ljlji 6.3.3 

itoJL. oliL. 7.3.3 

(^jL-ii-l) 4*.%^! J'ji 8.3.3 

. n **^j ^6^Ujj 4.3 

^Jiil (_-. ljl ^iji 1.4.3 
.j^jJIj JUjM-l ajbti. 2.4.3 

(Jjj>Lill) ijj^Jl 5.3 
gjjUU Ju^iJl 1.5.3 
fJiJl 2.5.3 
J-Jiai^Ji^ 3.5.3 
(J> ? Jl) r Cjl 6.3 

■J^i 1.6.3 
,0^1 .JdL. 2.6.3 
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Computer Graphics 



d*£bfr®>„ojfy&*j>j 



Opening The System 

Opening And Activating Workstation 

Termination 

Polyline And Text Attributes 

Geometric And Nongeometric Attributes 

Polyline Attributes 

Text Attributes 

Bundled Attributes 

Other Primitives 

The Polymarker 

The Fill Area 

Cell Arrays 

Generalized Drawing Primitives 

A Self- Scaling Plotter 

Setting Up The Normalization Transformations 

Metafiles 

The GKS Metafile 

Interpreting A GKS Metafile 

The Computer- Graphics Metafile 

Exercises 



\*jeA\{C* 3.6.3 

J-jJl oUa*£- J a j J uJj p» 4.6.3 

0>\i£\\ jf Jil^Ji 5,6 3 

t/aJlj ijJajL-l jJjtd Sjjjf lCjLLo 7.3 

S^jJoji jjp-j <^^.Ufc izj\a*p 1 ,7.3 

J.jM-1 jjud ijj: cjU^ 2.7.3 

jj.nl Sjjjf cuU^j 3.7.3 

ojj^ ltjUv^ 4.7.3 

c^i Oji ojULS' 8.3 

oi/**J» 34*1* 1.8.3 

*J1H*.U* 2.8.3 

*Jb* <-*>*» 3.8.3 

i-UJl o.L.j-^U Lljf ojUUT 7,8.3 

jrjoJl £|j jy ^Ij 9.3 
VjUll o^j»Jl 5^4 1.9.3 

*i~L. oUJL. 10.3 
GKS ^.jfcJ. tj^i. ,_iL. 1.10.3 
GaECS a-jtti j~L JJL. s^jJ 2.10.3 
uj^U-i oL._^-jJ j^l ^ilil 3.10.3 
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Computer Graphics 



&§&&). vAx&'j'j 



(Two -Dimensional Graphics) JUull 2**tiJ uUjiiQ 



»Jfc ** . 



»,\ ±- ■-" lJj- .oUj-JU aJL.IT £*lji a*j*5t Jjt f-Lj ^y-. i J^iJl Li* j 
cr* ^JJ-^ J* ^ a JJ^ (Graphics Library) cAaj^.J\ ~*~£a j* Jlj* £*IjJI «-i* 

c. ij •■! ^ U a>lp ;Jai *UJI a«j .oU_y-jJl Ljjio. £. (Interface) ^n ^-'j 

^ *y\ «l^ y U>Lu*l -te-j; J>y» ii=i Jb- Ljji^ t^t J UoL£l ^Jjil JljjJl 

.l*oj£ (Graphs)*-^ oUaJaS^ £&I £ f-v*w-il £>H ,yj (Output-Only) Jaii 

(User ■> J «t. ..ll *_^ JpI iJi o~*»s £*lj* ^r 5 ^ t -*,r* if ^ J-^ 1 <3j 

.Interaction) 

a *>uU j-^iidi tSiU; JjUt <_>j-. dAJiSj tVte; «jjv»j GKS **$** fUAi«.i 

(self- r jJ — Jl jli i^»l— 3Lj *— IJ Ja-s*»J ^Ij* - ! jijJ 3 ^ f y^** .c^ljj-iJl ^ ^jil J»- 
I — ;»i . jLj — =L| j^—p aiS: ..../. oU^j A5tjJ Jb-i' Scaling Plotter Procedure) 
j p .-■! jjl.« lij bJ «a^j i_ij~» ^Jl (Metafiles) *2>JL« cjliJL JLp l3_,*£u* 

.CjL" jtillj «*lj}Jl L-ftlii* jjy oL"j**_jJl 

(Device-Independent Graphics Standards) 

(Standard 3- — «.L» ol»j — *»j a ^ cj\jS kLjJJ- Jl iPjidl oLJl*iJl LJalS 

Jl ojI ^ — ll di — bJ SjfcLl* L* «il j jJl cJlT .Graphics-Programrtung Languages) 
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Computer Graphics &ty <j«ij) . ryjf i) cA*yj 

U&ji — M M-j ^j& •** -Mjjji iilj C *«Jj Pascal a«1 Ji* a-^L* "*^j. oUJ j._jhJ 
* — *jfe* Jl Lj Ui f4&\laz~.\j 01 (^ ^jIp j^aj a^. **JaiA Jlp jH^'ji *^ J 

'-r-*-^ —J "^ • Ji i»jJaAl ^« c£j ApU.1 oL'jSdl J^Lk; aJUs aJjJM (1) jJLjj i£_r>4 

•^i* 1 '^Lr^Vj d^V ^W^**^ i4-.jJiuiJ SiJlsM oLLjJI J-^Lu *iyu> J f-6^L>- 

(High- ijlj: JLl aJU A*tjJ\ olii j£\ J idJJi Jli. .4.5„>-ll ^IjJi ( Ji« a,L-T 

(Standard a-— Li 3 — Jtjai. oU»-j J*^ ^ jr Ij^j JL*o^I ^s 1 ** j^ 3 ,eve 

Write (*,*) jl C a_jJ J Printf Ji-i' j^j jt fli/L Ujuj^ ^ gJl Logical Units) 
.(Device Independent) jLji-l ^ Alii~^» ls cUj £>Ij>JI o ja Ji. 0} . Ol^jji a*J (J 

CJ\ iJ ^ cJ\)o /Jl AijjJ-l Oljjjadl dt .CJL-Lill <£j£ M\j» iLULa Jbrjl 

>j ^-./^ jj JUJl ^JUi-il iJlP «L j Jl Oil 4s^dl p^ljJ 1 i$ e-»jiall oiLjllj isrjJl 

(Error 4-Jas-^l J jLsS' ol*f> jl4^ a^LS 3 Jo cjj^t .-L-p- ti*j]&dl £• CfiM^* 
J ->«t cjLst^jj AiiL* iulij£L» yjl ^-<e»J jj.xJi«ll jj**- ,_/ UJS'j -Handling) 
j ^H 1 (J} 4jl. SjUi-^I aJj^— i ,j5j: j*-\j jJaJ J V-^ll a*^ 01 .*d£ J&j 

3L_jiJi a g^-l^l luL—jitjJ oJlji Sjip ilLA lAplil oljj^ll jti ijstrj ^y> Lit .,JL-J» 

t Jl dl J,-- J^ tcjL.j-.jJl IaJox* J .(Standard Software Interface) «~-L*Jl 

(Output p-lj-^-^ a_ JjVl cjL_;L£JI ^ — a L. LV— j»J*d ipUl cjLjSil j^-^du. 

.UjlJjJ Ajili.1 oUj^ll ^ iujlMi Primitives) 

i^-L-i.1 oljjiill ^jJ t) dJJJTj Latl^ jijt; ^ GKS i*J** cOAi-J v_>j- 
oJL_* b-ifJeA GKS 3 — .jk> ^>; f ^ .1^ Ai,aJ-» ol. rj ll oU,, 5^> 

6 iJb^T 4../7./^l jalj^ll ^ jJlp ,>* Sjji *Ly^ ^* GKS a*^ 0\ .jl^iSfl 

)v. 3 j^rj ^ L»f .CORE ^jJi^S' c£^ a^j^. cjL rj oLJ jLzp'ill Ji^ 

^L-JjJl Jy ^ ^ LtSbUi-l jSjl J'ja a^j*^ ^p SjLp GKS 3^ ^^i x^-il 

^1 ,\T Up. ^ jf AiJaJ jijlu J JljJkft oJU f Ustt-I Ojil-U ^Ja^-i . l>? 5 :K kJ» 

j 5\jJlJl lj^^>< cjy^»^> tf--M=-U t/* ^-r^ <^^ J'J'* **r* r*^ ^ 
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Computer Graphics &$ <^ jyj§ cA>yj 

jJL_vw ^ \£y UjLs.il f <Jl£ j GKS <L*jJai. ^ 4j£jfc oOJ a4 of dJb£c 
dJL-L? \( :.^-; ^ 11 obj»vJl iija; Of fU»Vb ^JbM jaj .[End 84J Ji* ^T 

J J j, ,• jLa>^l jjai CjJbM (eJl kjUadil C^L-LaJIj O jjj /^Jl LLaillj i^jjadl 

* JUJl jV" GKS ^ji*-* (3l~jl «i> .(Standards Organizations) i^>L*»LoJl oUjai* 

g*>- , »U i£j*-\ oL-^Li vJJJL* .SjaiJl dJUb ^ J^<»1 j^» viJUi **• ti^Li ojJaikS" 
iJau-Jl jwljJli tGKS £• iS'jii^ U^La U> ^Jl PHIGS *-jJa> ujL-U tiiJJi Jli» 

(Graphics oUj-^-j i^u> j* SjLp y* GKS ^.jiid Ujj^aJ OlS" jJ il»L~j 
o_i U* v<s>L* Sj^oj .<*jiaJil £ 3i»^dJ IjwiL-'i/l jlxs>l ^ jjiJ" lioiiJ cLibrary) 
j_i a_u.m aISC — i* J^ L4J ^ ^Jl JLis&l OJ .Sijlj 3*1 jjl oUJ £• lij\A\ Oj& 

a^jJ» oUJ j j^U-i j^kli 01 xiSP ail jf Myjj 5*J j Julj p. ^j -d** 

01 .<_jj "^ oUj^Jl oUjJa^. £. JLU y> U5" .Lj*> J^jJJ 3Jl»i ^Tf JiL-j 

e^'ji >>* **£ ^jr V-^ 1 j^l <>• A»-A*I» jj-tfS PfflGS, GKS ^u^ 

^^i^dl 4_JL 5>L_J.I J 1. j\£ft\ »JL* ^ LM OIj j~- oiJ .o.L.^1 

: t:rk ^5 cjUj^jJI gjl^ ^ Ujjy ^Jl 4-*-^! 1 Uil 0} 
.oUj-jJi 4«jJ (Lowest Level) U jJI oLj^-il Jji (Jyt^. t( _LaiJi iJl* ^ 
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Computer Graphics 



&w>d*y>.aStyc&sj 



-Si i^\j IjA jjjj ^jj.11 HSjjjj* j* JU^I OjC L.JLP .aaJ*A\ JJ l> - 



.(Graphics Toolkits) c^l«j«* j cjI jit 

f j>— * &T £• tJU&L ^pj; "51 j^ -JbJ» 4-StS SJuLillj (Attributes) Sjs-il UW 

.SblT GKS A>.jJi> oyJ^— 
fTAe Programmer's Model) gwjgjl $k£tJ 2.3 

.1.3 jSLiJl J u^ •/> U5" oUj^jll ^.jja^i i»jL*i. (Conceptual Model) 





Application Program 






1 






Graphics Library 












1 










I 


Graphics 
Storage 




Output 
Workstation 




Input/Output 
Workstation 




£-**» 


5^ 


* W 


Cill 





cjW. 



.Jb-lj JL&— oja— < Cj£ SiO«i. Jj^srt frlj»-i ^ SjJiJl -2 
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Compute Graphics <3&li&Jy.ftd*JJ_ 

OjSj IjL_5Ca . jl$J-l je- ai5i-j OjSi -^Jlj oL.j-.jJl i^jjaiA (Procedure Calls) 

.(Physical) sJ** 

(Logical and Physical Workstations) : Ms2»"J M^» J** 1 «^^»^ 1-2.3 

J -c \ \a£. jt ^gficfr . A c-jj^L-"- jl c^Uj^ijlJ iJjk *k^ fL«i ,j~^ L«a^- 

jt J — =^lj jl**-j CRT ia>jlP JLp c5j^ ,^5^ jLpr (jjy jA cSjjkJ.1 oL.j-.jU 
(Configurations) =Wi_>£Jl J£L— aS/I . jtij ^JUll ^-jlT JUol • y^A & j£\ 

l_j3U-t I^jLp dlH UJb-t U"J .4iL3i <L£i>- jt AjiL. ^Ij^ U J-jJI *t^ iiLsfeil 

.(Low-Resolution) 3 — sblj 433 oli iJjJU i^jlp U i^j^lj ^JLp 4« oli OjUl 

p>l ijj jj-jU JiiAj (1)1 »-**/ ^ • j^f^"' (j^ ^■**" u * l=J W*rji jij^i S-**'./ '-^ (*^* 

3— »jjai» C-JlS' lit ojjii ^ fUJl Juj *if liUiTj CyC^jUJl ^JU }\S* JU^ JLil-J.1 

u -V> c5-»-*-i 01 ./ ill <y N/oj (Data Tablet) oULj 5,-jJ J^ t£j^ *^*> 

V J — * (Logical Devices) <t&±» ej^-l £• J*Ldl j* t^»j*»LMj 4±»oJ-l oL.j-.jlJ 
J— »*Jl oUa*^ LJ j^»— j" 1-V3 . xfr- Al ^^y. $ (Physical Device) 3_iJb- i }^A -y 
oL.j — *J\ 4<jJii« ju.Jb!c^u. i jijjlai ~«*jj jjjJaJ (Logical Workstation) 4-aJsAl.l 

.ilji^l J* MS" *~*i.l Sj4*-S0 AJ^HI ^ji-l **jxJ. **L4-I JjJb 

U A t)l .ijijU-l jl 3jjlJ.I Allivo ^ "VjIj 1(j3j* /Jl <UjU»jj ,J»JaJ.I jL$Jrl _j~«i 

Jl sia^l Jlji tdJ ii Jl t. .i~AJ& i^jJl oUJ j* lijJl. dj£j <jl (ji^ fj*^ 1 

S^ a-l Jl >io JljaJl eJL» JT scanf, prints write, read ^* C *iJ J £ !_/>=■ VI? 

oL-J/LL j. .1.7. gjl ill ^jjJlj VUiJl oliUb jJjcS ^ Jj^ «^1 ^=- A^c* 

j . 3LjT oM^jdl oJl^ - lil U-i *^i V dit LJp wljj Jul^ jlp I JU .(Characters) 

•j » oU- j^ilj oM^Jlll <^r j7 SalpJ, iJlS^*l il)l .,j*j» ^jIp iJJL. j>. jf Xi}» l\s& 

\ (Operating Systems) J j» ■ **H oL.jtiii ^ Jjop ^ oliL. Jl 4JJ3 a^ 

• ^y^J ^3*1*^ • j&*^ f-* J^^^W f jj"* JjilkMil T^'ji {/**" < ^-i J " tiLui -tc^ji 

.5jiL« \yq>A 
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Computer Graphics 



&tyfa®.yjtocA'SJ 



: ^jAj iJ&uil J-jJI oUasi ,y 9 Ijif ai^lS Uj jj jjit^ o^l .y .(Databases) 
.L. ^Ij^lj Jbo'fl -3 jU^I-2 irl^V 1 "I 

.V ft %JUoii« <L^a>- Sj^tI /k« Ulilij L» lA »■** oijuil ^j-*-*^ 

" — > u^> <^ -^-b c^* iW c^** l> <*»=* eii 9 ^ >* ^ ^ 

OJl— Jt-t^ A_—.jJadl U>^ A-Jjt CAULS' U jl«Js>) ^yJl jcja-. Olx>t .O.L.j-^1 
( j_> J. Si jjl Jls-1 j jLgA- J^ lSj^ J* JUj^J J**H Sj*£ Ul .,J>yA> j i>^- 

Sj p jbib 01 JU. uijUj-jJ* o^ 01 oi-f t£>- f^ 1 J*** 11 t) .*=A+yJ\ 

■»j ,^ ^ ji- J^ ^Vj J^^ J** 11 ^^^ #A - Jl ^ 

.ijja-. ju=-4 s_>*>rf cy J^ J ■ x ^h J^ 

\M ij^d\ J~.ll ^U*£ ,»J^ ***& J 1 *^ j'j^ 1 ^1 

CRT 3 J» ,Ip le igj&£**> V*^ V 2 ^ V - ^" V 

.2.3 j£jJl ^ jy US' oUU, j^Ijj jtillj ^-Vi^ a^-jJ j 



i_ 







l/V 



j„ US' (Icons) c"^lV^ j» o^lj^j (Menus) j\^i\ r V ci* *^ ^ wLsJl 

.3.3 J^ll i) Ofe* 
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d&3) d**® -vj$ cAryj 




LJU-lj ti—iLiJl *- . JpLcJI y» £*M Li* £• -^i^H ^k <^- 5 J il ?&** ^1 

c^j-^f i ;u^ij <^l>Jli p-j J2>) j'^Ji fj. 

jj—^JI -^ iJji* JL«1 Js«) g^l ^ L-^ 

.iLsJl J* ^j^ j- *j~ JL-.jI (^(Handcopy) 
.( jL^I pjljij ^1^1 J-jE) ^liUl ^ij J] 

jVl ,> M Oj£. of ^ t Jliii IJU t3 

jji^jl P ^ lp Jja-Jl £*jy>U (j? ij2iil p-~~iJl Ji* £«— j .L- gj lp Jjjx-Jl ijuOi 

^L_jUi f -lj Jl lAL-j] Jb^i gJi dJUb" ^p dk& si CRT i^jl*Jl Ji &l>f"Ji 

.(Plotter) 

^jl*—^! ^T ill^l j^. .<3> 5 Jl* Jb^l tf jl«» ^ J>Ud» ^Jas. 



JLiiJll iJ.jU 3 3 j£iJl 



tjji^jl «JI tsJb-l £. jijLjJrl ^ ijlyil l^&: jf .«Jb-lj IJki. JUjI J~p il^i 

^ — .ni JL.lJb*£-l »i Ugjf .r 'j^V'j J^^ Ijija^t J~P ajatf iLj-A^ -^j Oil la£fc 
JL_» i 01 ** .Aij-« *£jyl ,J*T A^ ry jL^-'i/l f^r luj t^t/ijdl t-jj-yaj C~£ OjS*^ 

J — «jJi oU*£ o« (One-to -One Correspondence) c-plo-f JiL; ^j»j ill^* j^oi 

J^ (Painting Program) (%— JU ^s^^^j jij^ f 

«_i — ^ali O — a*- i4__JIp !*Jbi* i^>!j LkP t^aA 

(High- ^ JIp £j — >j 5 — 5*-jJj l< — ^JsjLp 

5 — Lp SjAiJJj Resolution) 




.^LJ-ULl 



Jjjjjja; J*«i ijaji J* U>jLp 4J JSCiJl 



J — t. 4*jjai* ^ .(Multiprocessing) 
(4.3 JSCiJl j UT ) CRT JULiM ^.jU) 
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Computer Graphics 



&$>&&). PICA'S j 



J— +* 0&* Jl CRT <^jUU yLSi-i ^J\ ^ ub» *ijj ^a^tt, dUSj 



O— * S-* <j— ^ Ji-^ 1 ^ ^^jJ 1 u^i^y.- U>^ l^yi^ Sja-^ JUT 
.(Development-System) jjjJadl 3Uj)ii.j SL^-iJl \^\±\ 

(Communicating With The Hardware) hjftS Olij&l ** Jt^oiVl 2.2.3 

J=s — y^-* jU*^ Ajtijii-I JwJl 5ja# IjJLj IJJ . oA-y-jJl oWjsc I Jj ols-tJG 

a — «$Li i£ q^jm-^* oW^^I al* Oj^i Silp .(Language Binding) t£>Ul Jsul^dL 

a 3t-b4 I » JS" IJla ij£j Ulpj tl.3 j£iJl J US' JuiiJtl g-'Ujj t5j^»> c^i 

.(Graphics System) oL»j~.jJl 4>j)ail (cUtUJl J^ 1 Jj*- **^s ^ J*«~Jd 

.5.3 JSLiJl J Oif l**" ^-'L^jJ'j 'pill <^>Uj£ll ^y jMiJl ^j^ jlS^Vlj 





CRT 
Driver 


h. MBl 












Graphics 
Package 




«— 


Keyboard 
Driver 


► ^^^ 










Printer 
Driver 




^^ 









oL 



'^ 



Uir-i 



Ij^Jl *<*ljJI oU^j - lot- olJjSL. 5.3 J^LsJ' 
a _-_-U JL^pljJl (Device Drivers) ajf-l • jM cjU>- j ^ij: 
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*JU» 



Computer Graphics — i£ *■ 

^k> yljl Ji oUUl *u J,y ^f,/J -NDC jU*li Vj«*~ ^-M 
^ otsUJdi JjL; ^ .(Drivers) Uljbi oU^j «J als* a-s^ i^M 

(Implementation Issues) rklitf liUaS 3.2.3 

.AiLaJil JUs-a^fl Sj^ae-I J**; <J*j£ -2 

.GKS Ji* c^uij-ijJI «I^j 3L.jp- «b.bTj »ujatf f ( _i i S' -4 

■__P 5l£: w^» ojL» 4*«j iZJliLjki jjjjaj (j f *ij Liu le*"-^ /^ c-UaiJI aJL* JU£ 

Jl j J; C Jl LJLs j£]j .JLidl LUaL fLjU^l Jl AsrU-l fJbu srtij t/iJlj jl^jLl 

(Host Computer) cr^~ v jj- 1 ^ ^K 7 ^* *i»jk '&*■ £• J**" ijy ^j* ^j* -^^ 

3 — J^L. ,^L £> ^*> J*p 5ia#t £• J**Jlj (Serial Interface) *»L=* 3--* Sbf j>p 

.(Color Raster Workstation) 

* *j&*» <j \j&** ^ijj la i p=-*ljJ 4*iSLf. fjij UJUf- .jJa-uj i_^jL»I ,^-Zl--' ■ji 1 

a: — «* oUj — -j Jl UiJi UT ^ .JudL aiJouli j_^Vi ,J^ ,>*^» iGKS 

J -l— J^" J— «iiJl I — iUts JW| \^S, JUj jl J^i- (j^Ui-l J^aiJl ^) ljjk; jiSlj 
J-jvairlL— ■ j£\x — -j tj ift 4i JO JULdl jL^^I Ja^ JbtL- c^LJtj ^iUJl Jviill 
(Device Interface) « ji — ft-SU VtJl o^ljJlj i jLjJrl ojljl olJb-j J*-iJ L»L,2ai 
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Computer Graphics _____ &$ &*&),%/_/&!) q/*Jj 

(Graphics EWctions)Ol» ^Jl Jl j_. 3.3 

y— 1p o^L-j -JU 1L.IT l*y>. f£j£ as .JLixll Ifu^l Jlji _i!>U ^ cjU^JJ 

'Jl -U J*~- _$-«» - A—All JljOJl oJu- ( « ? *. juw jjjau t-Ii4 "^ aij .JljjJl oU* 

ojL—aJaj ^ 1 — »\ .(High- Quality Output) tej& <JU> oUvyt Jl tJJai -jSOj 
ol — Pryt Jl £-b£ "il jl5 t(Flight Simulators) oljiJ-Jl oLSV t_D_ Jli, ^yA 

.iijlauj Jutocdl AjJL oliLj.7 Jl (^iji -J IJ* cJljJill «JJ- _lj.~7 t)t dAi-Jadl 

>_J: ^7 ..7 c GKS 3 .jja^. Jl_p JT JLi_ oL.jJ._U £*■ ftjxJl j* f)|Jb 

p-lj »=-^J 4il_i£ cjLj_«_»» 2u!)C iiU* Jbrj; tjlill L^ < Jp . JLidJ 2LiL_£ cjLj1»j» 

4*___j .JlijjCj f j5J Ujj-ii 0>b j_~Al ftjjh -(a,b,C) Jb*O^J i_jLj_« A^AJ j (2,1, 0) 

' *j -Ljjij *Jb 200 AjJUl GKS ^jJai* jl ji _^ i_jli» iju-J jt JUiS «_jIjj_-_« 

ci_jLL*_JI t(0jJa;-«Jl) |,_*j>_Jl tr-ly^l .,s*j «-*jW 4-JLf Jl Jlj -ill o~L* « .«■■«?; f yu 

.(Inquiry) f^Us-V jl JjUsR (U*lll oUlil t«j*_dl cJUo^l cJyw-A 

(Output Functions) £iy-)M J'ja 1.3.3 
Lg i>j> J>s„ -Ui ol« j-vj- *Jjt CAULS' *p-j**t (J^ ii»L.j-jJt i*jjai» i£y_£ 

p-Jj ^"^1 Jlji fjiJ .JLiiudl ^Ujj Ljj.JL9xi-j q£\ t(Lowest-Level) <s y~** a^ 

:^L Uf ^j JLljf ^ULf a--J- GKS a>jJ^ i£-aJ 

Polylines J»jJai-l j-v«i« -1 

Text o^Jl -2 

Polymarkers cjL.^U11 a a*cj> -3 

Fill Areas *J* ^U -4 
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Computer Graphics 



C/^J &*#) .c/jfy c/\,yj 



Cell Arrays M^ <-*j**» -5 

> i g}j*\ ^ ttt^* Jj' <>\S J5CJ .6.3 JCjJI j M 1 
gpolyline (num-points, array-of-points) 




GKS =UjM iJjf oULT" 6.3 J&Jl 
l^>I iL&l oJ * Ji' A ^ r ■■■• ^>. '**&* Jlj-> ^J^V (iJUij cjL»_^.JU kS ' y O'ULS' 

ccj!)Lja; «~ • icjLu^i i(Polynomial Curves) ^jjJ-l aJLuIp oLt-ti* j-* '.^^ 

.(Ellipse-gl*!) ^LJ! ^JaiJlj y'ljJ 

.^ 1p oJ *ipI GKS <*^la^ J L.wbtu-il 2U-*iLl aJjty cjULIkJI jLtoM 01 

■^i o- ^1 <W o& ^ V&-1 A* Jjf aur jr yuj 

(Control Functions) :5jk,-Jl jf ,>£«Jl Jljj 2.3.3 

:dUi yip ak«f .ojkii aJU-j Jb^i Sj^-ij t j*ji aj^ ^Ubjlp JLp 
.(Initialized System) a-jJaJil jl^c Sjj^ -1 
.(State Tables) aJU-i J^jb,. iij^j _2 
.*lWtfi <^UL. £=» -3 
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Conqtuler Graphics d^dH^.QTj^ c/^_/J 



• OJl 



jUi**U (Default Values) '<^\j^j\ j yu_#l ^ ___ -4 

O3-& - J-»*il oU_* o>L^jLp ii*.J>_i fjjw ,^*j <Juf Ji. Oljlji iUdj jJiji, 

cJ*^ ^ {j» ^j-t-~vll L*_,9jj -^11 fcjjj ^ j,-j_v_H SjL*. OjJaA 4_jil ,jpl jjd-l tSJb-i 

. Ai*-"^ gt-*ljJ ij fJstU«J 4jj_n* Jlji ^^4 ^j A *' , ^J^ 1 -} u^- — iS-Aa«J» 

:(Attribules) SjjJ.1 obw_ll 3.3.3 
jt i___;lp J-J-l Oj£p 01 jSo:. ^i*i .(3^ iJbu aJj^I cjUL&I ^j*; 01 J>s. 

i_3j *j '-■' «■/»!> Jljj .5 «1~* 01 jpt U Cij^J Ji jt tLiijAP jf U«il L«f jijw" jf 

.UjVl -^UL&l ^y* ^ "i^" 

(Viewing And Transformation Functions) Jij»-'j *i }J\ Jl jA 4.33 

L.i (Viewing Parameters) h jjJl oLL- * ^ 01 -u«.L_JJ 1.3^1 Jlji --_-j 

s,j j- t^t JO Jb^_i JljjJl oJL* ^ jJu . a j^-il £**J jil 15* oUj—^Jl oL.j]_d ij-JV; 

♦JL* Oil XtJ* ^j^ 1 ^UL&I jj*k OllCj a>jUJ1 J^ _rfja~- c^Ua^l jIIp ^» 
p—J^Jl j(Window And Viewport) 5-j }J\ My.j SliUl JIjj ^ J--U Jlj-Ul 

(Mappings) o^ i_l *Jb£ JljjJl «_* 0j<J l> .tiA-j-jJl ^j]_l (Clipping) 

NDC cj— *J NDC Jl WC j* i JlsLl Jar- I,-* - ^lAfe-^ oU_J_* oy Wbdl 
.*>jj__l JJ j* Ifi-fc ^ ^ c/&_pdl Jau jjjb^i JljjJl o A* fJ B - DC Jl 

C L .h» <$ Aij^l 4,1 jj Jl 4Lu ft WC olsSlfa-i '^jJ-> ^ »j* </l ■**■-* -1 
^jL-^il J^Lh e -L-Jl J-ij--H Jj-^. -NDC oL!la>! oj)^ 

5 L_, ^%jA 3~p AtIjtP* 01 ^SO:. . (Normalization Transformation) 

.5JUL. iL-j .U-.-..JI jj ^r U»-N WjJ Jj- £llj -b-lj i>T i) 
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fl^(M» tWW^WSJ. 



JUt 



1! ~*~, o^- cJ~Ji aJ*= c?jw y VL" <P> ^-^ ^ 2 



y-,y^\ IJl* .«!# J** olJ*i ^ NDC *l> <>■ *^ »U*f J*J* 

fJ £. o-»- ((Workstation Transformation) J*Jl &* 1 Jij^a <~>/y 

J__& j^j, .(DC) jl*M oUWl v>fe> J] NDC *U« <) p-iJI Jii 

. J*p aJmJ Jijai g\j*\ jLfr*- 

j-ijiz fji UwUP cdUi Jli.j tSwb-lj oLJlwb-l i-jji^ j*v> &fij£ fJ^vl i^p-^3 
(Utility Functions) *-«i> jl v ,Jai J'j^ J 3 **. ^ yJ 1 * ~**jfa* jy **\* -Jij^ 
l__*l .oU_j — ^.j ^Uji ^f () VjJj-? Jij^J'j Cl'j^V 1 '(t^^ 11 J 1 J 3 ^j^ 

(Input Functions) JbU^I J»jA 5.33 
£ « <JjUlb IjjiT tejZA oL.jv.JI o!)Uju Oj& -(rb^Y 1 J'_J j £• JU-I y> L-^ 

ol JLJl p -»j ff^jj J .a^JLiO i^> ^ jfc \J& dllij tij^LjiJl w^ljJl o!^Xt 

j . tJUaJ jS tJ-AiJl li* J U>-V ajijki f ji '-*j«' t^-iJl (Plotting Program) 

•j__p ojl .p o^Jdl oJl* JS' tjjLii oL»!^j ,jUl *— Jl Olji*' Jl^-4 JLai-JlI 

j i t^LJl Jajstsll i^—jJ oULJl Js^Jj of JLi^J.1 iljf jJ .(Text Input) ^jv** 

(_^j -U-b jj >dl *-— .aJi Ji-Jsu J .iiLiJl ^^Ip »5Ij« Ai^v» c/)U-jdl ciAJj ^»=-U 

•_,* ji>-Ij JT .4J.UJI Jj^- Jjjti. fr Lif Si J- 1) s-^J ^ ^** ' (CAD) 



sj » 



« js*o j — »jJ Ufj ^(Logical Input) <i^li o^ts-oil ^ vtee- «-^» Ji£ o^U^oil 

^ LiJ~l jLj — sJrl j — P j — lijl <-»_ r <»; iJLdfc-dl g^U^J Jl t^LtjUil ^ Lili *S-jSa 
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Computer Graphics _^__ d^j d*fy .Q/j^i &"Jj 

: yi*J ls5W.» o.^»U ail ^ ui^ys 5i, UUjJCj GKS ^jJ*^ ryu 

(Locator) «JUll ^Jbt . 1 

(String) jy)\ tfij^ .2 

(Pick) iUfcji .3 

(Choice) jLi^I .4 

(Stroke) a^ .5 

(Valuator) i y*jt j\ ^ .6 

.Ijj — » i^lSjSfl £*• J -Jl^il Sj^ S^MJ-l aJU-I £. i^s*^ d t_^ t£JJl cOljjJaJl 
c- — Ij Ji Jjji: — JlI g\ — :£ 05 Uft iCAD olijlaJ *Ja«* J US' «jj*-\ oVt>- J 
(3-1* (jt-i t<^^Jadl «-i* (3 .^l^il *»- J* jj* jj"j J^Ji t^f jl jL^Jrl *^j JuU^l) 

PHIGS, GKS Ji Hjkil £»~J .c/SUjdl JJ-Ui t Jb JJ SjLil jJL^j 01 ',«- ,U 

(Mode Of JA-^V 1 J*c Jt^ £ g^jyJJ ^UJb dUij o^oil ^ -jiC^Jl MS3 

|. — S^-dU 3 iJL^*Jl j*1j^1 £j yf ^Ja** SiU dUli* JbrjJ dUi J} a»U»^1. .Input) 

.^IjJl J-,ajiJl (J l$i»*o <_>_^i LjUaiJl aJLft JS" . Jbo^ J^uJl tulia^C. 

(Segmentation Functions) SJj^isit Jlji 6.3.3 

ol — *jk-» j, )=** jJLp •Ajil 'JjVl cULSkJI ^ <J3j...,ti cjIpja^I jSO t4l>L-j 

ji S*1 cjULS' *-« JU5-iJ-l oUjjMl |t ^-»* J*jo .il$~» i*4il oOa J*4 V i^>Li_j— ^ll 

j — --k; J tjlill Jjj- ij& .(Single Polyline) *yf ±>jb* aJ-s* &■ js&> I^J*; 
4 LilSvdl jjljoJlj oliiSdlj t^jLijUJU j_^»j *Jb*i~J d~»- tV^^6^' SjSUJl p^vnT 

9 jjiU jiljj) *j. J^UJI JLiiJH i_*Pjj oS .JUil Ijla t) Up oLji-^ Jip .Sj_^> 

JUL: ~il j^J (Segmentation Functions) «j*J» J»j^ L* .*L.^ (Subcircuits) 

.(Segments) ^Ja» jt fr l j^-i ^^pjj SjjT aJji oliLS' ^ oIpj*j? U-U>j ^jfc ^y> 
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CompaerGraphics &%&% .yj^&JJ 

-L-^aVI OjJb ijjfrAS sU-Vl jfc*j J<j^ UjjJi*. Oj£j c4*Ja* <-Mj>u f* &1*- 

ij-Jb j\ ol :g Jajaat tJJUi Jli» iJLiuJl JJ y <-*j** Ja^ JSC* (Rescale) 

fc-A jL^-l *Jar..J t Jl^a^l ^^ Jr* • ^'j ^W J >"' *J*"" , j* **^^* V 1 *^ 

(Metafiles) «s*L» Olil» 733 
.5jj — rfJl 5il«i — -lj iiL~») «JT (Metafile Functions) C j»-Jit <J^I J'j^ yy 

j— £*il -j » Oj So vi~>- (SjjvJl ^« f J*r jt) »j_^Ij J>U&-^I Uj j^i*. OjSL- 

^Ijfl ■- 01 tti— _ Ji ^j WL^IIj . Sj^j /F^y Jja**ljj »i_ / ttdl Jj_^yiJ' j j ^ , ^ lc ' !.sl*i*l 
l*P 4JasJ l lf' *jj** zr li] iJljwt) 4Jj£*« t /** : i Cl«s**^l i<_il« (3 ijj** < - > J' t ^Jl^o*] 

Vjj li£*j .sJilf Ul (Conceptual Mechanism) 3-fifl 4~*-*Ull OjSj 5i-iJ-l ^ - 
jvp ii Jsj jl(Hardcopy) **>jk> *=■*— 3 J^-i M °jj*» tiy- y J*j Ji isrU-l -^ 
j — ?Jii ijJil of Jjill U^j: ^vsf t»jj-,flJl ^il t^aJl p^UjJl i}a~*\ji ililij »j-*W^ 

(Inquiry Functions) (ijjUii-il) otym-il J^ 8 -3-3 

\ Ul ^L t^Ui .oL-^jJl V^ai. JaMi jj JL, L. j! jpUl oUj£il Jj»- ^Li^l 

W» **y" iJ vAy *** t(Fill Area) t-,j* i=-L^A jf JaadJ <^jL>^l 6^ j^jJ- aJo^J 

Oj_JJI 5_jiU-( 4_^JiiI.I Of L_iJiJ _^_t lil .^LJ^L. 3 .^ ^ J^ UT lil 

s— ^y I — c.J ^*jjT <(Laser Plotter SjjjJ cjULj ^ Ij Jit. - Monochromatic) 

4lUw Cula-L^ Jl iibJil e.lj*J-l oU~LJ,lj 4«ki> i^jiaii ^l^^ail-l -UjJail Jhj" 

ml — )^l oLsLi pja*, .j^T Jla> o^U .(Cross -Hatch-Pattern) jCiJi JL^y* 

oijL-v^i J-*; «Jj^. t^jJaJi a^ y, ^ A]| (Aspect Ratio) t ^»*f ^^ w J^ 
3 — 4JUS" (Graphical Items) cjL.j^.^11 obyw 0l5l> (j^j ^ji jbti, uj iiJbst 
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Computer Graphics ___ d^) &*&) .q/yty <^y>j 

(Simple Program) k£tfJ(uUjJ 4.3 

^1 — !ij OVI L_jl^aiJl oJ — ft v — J.. ^ku-J .SiJist JLijj ijj-ij *££ ^IjLp J^ 
■j>- (Default Settings) V^'j^^ 1 j*^ 1 - x i- x ^-j ^W^ 1 (>r* ■/»' J k==*^ f U*i-L 

:(The Pen-Plotter Model) (jfUiH^jl^iy 1.4.3 

.(Offline) t_i J-.U-L jZL* ji- JUart ji jrl.P^ ^^J* £"^j* £~*j , -^^■' , 
(Pen-Plotter " ^ — -JLSil ^Jli 5>L>" oU^JI *s^ ^ £^Jl IJla ^cj^ U Lite 

4 — ijjj-| J — »»il izj\ Ja#t cJL- ^1 *zAj>y* jJl «_j_jLj»I J} JjUs* aj^ tAnology) 

^Ip J^ tOil .(Modem Interactive Graphics Workstation) al*lidl *zA+y*J& 
.(Batch Processor) «^>\ *»* £l*« Jl a*JLj ^ £*l^ kb^ 4^-1^ c^U^-jM 

i(lnteraction) * — U*i* ts\ ^ — >~frS { L» SJL*Jl li£L* -< i? *l*Jl (»— IjJl^ jLj* ^ 

^g Lp U^s-Ij^I ( ^j: /Jl oUL&I ^ f Ijif ,^1* JUiJ Silp XJ , 7 ^.. JI *>-ULl yljtyj 

JLJjVl ^UL&1 .iA :uM>l S>J.J oLLsJl Uj .<s>y*&} J» J JasUS' r^JUJl ^1 Jl 

^a Jl oUUl ^ JJS i jlp UrJj ci»ji»jl-l j* *US ^IjjT ^Au« t ai^-i Wwi cutf" 

a c^Uj*. Jl kzA*-j£- r&I $ ^jjkJl oiA -^ *_JU- dJLi* .(Text Directions) 

J _- at Sal pIj jjii ^1 oU-ytll oJL* ji^ ai> -^y "il co»U-j»J.l ^J liU- 

kk-iM I!* dL.j>cJ OiJ .«-j Salcjj JaSU dlij^ u-J>y ^ LU tOi*Jl Jl ^M» l ^ 
ji JJ ^ ^|Jb c J^\ gAj& J» J^JJ J|JbH ^jll «i> t?t J^OJ rf U1p ^ 
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CowuterGrapMcs &%*&>. O ft &>JJ 

j_J UJ IjiiT i_il^ V v" j-l^ - iji y Jf ^l ^^ $ si^j^ 1 '■** ^1 

draw- picture ( ) 

{ 

select -paper( ); 

orient- paper( ); 

select -pen( ); 

draw-lines( ); 

remove-paper( ); 

} 

SOALill ±> Jy S. jL&M jilki aJU-jII «JLa £-1jJI JlJ-l j* JJS £. :*JliJl Jjjsi-t 

f.lj_jrVl <J& Ua-"!/ t^j^t Sj^O *»U»I V*/ ■** ** J *■!"' *^xJL^\ !>• ej* f IJsfcS-»l 

graphics -program ( ) 

{ 

initialization ( ); 
set - viewing — conditions ( ); 
generate- primitives ( ); 
termination ( ); 

} 
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Computer Graphics r*J\fl) (fed) .(? [/ty q/^Sj 

rj _i Jj — - .*BUa. ^1^ ^ £ ^Ij JL^dl ^^ a^J ^iljil £ 

h—hj* fj— * *-*j — - toW^l 9 i* ^I^a^I jl^i IJii .finish, init U"j*.i; 

.(Dummy Procedures) SjU^. ojW j *-IS' 

^Ij^*: — *»b 4 — j jjl -kjj-i j (Attributes) 5j-*ll oU*Jl i£SU* »_*i4 fj»--'- 

oUj — ^1 2_^C J—^-b £ I . ^^Ja Lsjjl jj .U (Default) 4^l>Vl ^-5* 

J — 1**» ^ «• ,y**J .oL*Liilj JjloJ^t ^ ijp iJU* li jo-jJ (Graphics Library) 

o_Jj . t k= M ill*- yjk L-j ^-j^. 0j& J--JI oUasi tf (^f Ji. tj»S^H -^^^ 

-»il — U t^l J-l JajLl ^jt- *«»») «j~»ll oLL/JU jl«S cSj 3 ^ ojLJ*^ iiLa 0j5j 

ji i£l v*Jb •( *i}J\ *>\y. to JlsUJI *-Ltf) 3ujjJl -kjj-3-j (J 1 ^ 1 i/*^ **U» «-\j>»- 

J_JtJLjl »J 0~-ia iuL«^ijJI cjI* .jjai* Jan* f j5J t (lf«j*- J**- 1 "^) -kjyJl *•** ,y 

oL_JHl «JLa iU*][ ^ jl 'ys^-Jall ^ dj^i ,J-*1*» J 5 ' ^^^^i $jk iA g^ g^ji 

Oj SJ 4t ]Vii,\ J~- J^ .4*iU 2jL*jJl oJLa 0j& t)f Uijt jj iJjiu. 2-^1 j»l fs» •^■^ 

L_i*i^t j J .(Thin) £s»jj (Sohd) J*a^ ^* ±&-\ cM^ 4-^1^1 a*^! Silt 



(Polyline And Text) jtfdlj J»jy-l i0*» 2.4.3 

^ ■» «Ulj >.jJ\ ^*>- j c(Face And Font - j^UJlj **jll) u^Jl t>-J ^!>Vl 

C s_JJ ^ Oft-d/^ 1 o — > J^ ^ • JaiUl t-^ 1 g^ 1 ^ 1 J*-^ 1 -? (-^ ^ J 1 "'-) 
I . J^ Ul ^i «l)t ,^ui!_) t gtext, gpolyline W" GKS A^jJiL. J jyO^-Al 

: JB frl^i ik-ljj polyline *lb Jl Jj^^ 1 (^. 

void gpolyline (num-pt, array-pt); 

Gintnum-pt; 

Gpt * array -pt; 
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Computer Graphics cffi^ &% -Q/./ty Q/^yj 

jf J — i) . J»\ — «Jl j-Xp num-pt j jjj-Vjo oli 4»jjL,a* ^ «jW*- array — pt 61 

Gfloats oUUl ,y rjj *k-*l_# Gpt oljLJU ,^-L.f f-j (Jyj» 

typedef struct 

{ 

Gfloat x; 

Gfloat y; 

} Gpt; 

i-U: — *il £»U y J i:O^I y,x p-i Jl *«U^ gpolyline j J»UJl of ^^uJ 

for (i=o; i < n, i++) 

{ 

points [i]. x = x [i]; 
points [i].y = y[i]; 
} 
(xo,y ) *J»*J' i>* 5a ^b ^ **k» "-^j* 1 (^ gpolyline *Uu^»t jup iLa ^ 
a-* J**- 1 ^ f tf^J ' ^J '(X2,y2) Jl (xi,yi) <y tf^-t A-Jaij t(x u yO Jl 
<-<^ J points SU-AI fcy^il 4 fc^ll ^sJi ojSC" .(x„,y n ) Jl (x ^ y „.,) 
• pV t^iJl aw. *j*. y;l jf tJ^i i^L| ijuc, t Ju <^T J .WC oLWl 

main( ) 
{ 

static gpt data [2] = {{1.0, 1.0}, {2.0,2.0}} 

init( ); 

gpolyline (2,data); 

finish ( ); 

} 
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Computer Graphics 



&&)&$). aA>d*jj 



jJ J& .(2.0,2.0) Jl (1.0,1.0) & SJ^-tj J** ajJss iJujxj ^.UjjJI lA* fjh 
fjS-. ... oiJ Ul finish, inil^j — i*!./*'^' flJbxiwL liJUij *t*l»jJl 1JU JJmjJ «iojl 

lj_» .4Pjli AJ-Li jj^b jl 4Pjl» 4=»iv 4jL?ryt osstio- LaiJi lJL» J Ito-^ L^-jAj 



JU 



JL—^jJsi* IJ I &jj\ tyy.J oJLsUl .s Jt£ i Ulfy .S-^ljsVl *ij^l ■bjjj' s-r-*.» pJ 1 

Ajy ^ SjUo J^l^a^l ZJLsUl 01 .SjjJ* ^Ijjj JiiUil :L*»l^»Vl »JiJl £. Ijl; GKS 
J* ...II ajjIjJI jl* J^Vl &£ £• cWC oLWil IaJSha J (Unit Square) 5jl>.j 
.NDC cM — -JlJb-l JUjJai* j Sju»-j ^jy. Jl a^Li* W*J Jojjl IjIjj jj&j .jL-JJ 
US" ^LiJ-l J-jJI ak* 1 ,jIp ^j*^ £0* J*^ Ji NDC *Ui* ^ i^Wl a-A* Jii ^ 



LS 



.7.3 J^iJl J 



U!»* 




^l^l JiJJl ^y* 7.3 JS^iJl 

j Jy v£s_ Vj «i»Ul r jls* £?i *^ ifc*~=*v »jj**i J^ J'jt^ a-A*^* >=*! 'jj 

ajx-i^ data-J ^J***^ oUUi UjJ ^1 cy*-)aJi ^ ,oi*/ tgt 
static Gpt data [2] = {{ 0.0,0.0},{1.0, 1.0}}; 

*lj*l i JVsll Js-. <> Jb^U ..kjfcM JJ^> ^ «J^ 
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Computer Graphics (^dd^d.^J^Q^yj 

box (xmin, xmax, ymin, ymax) 
Gfloat xmin, ymin, xmax, ymax; 

{ 

Gpt points [5]; 
points [0] . x = xmin; 
points [0].y = ymin; 
points [l].x= xmax; 
points [1J .y= ymin; 
points [2].x=xmax; 
points [2].y=ymax; 
points [3].x=xmin; 
points [3].y=^max; 
points [41.x •=xmin; 
points [4].y =^ymin; 
gpolyline (5, points ); 

} 

gtext (start, string) 
Gpt start; 
Gchar *string 

J start i-JaiJl oUWl dj& .string ts — J.I ^1 iiU g y start Jit La 

5 iUJl 4ki j* Oi*Jl tf t jL-Jl y. jyji aLJL. Lljj t WC tUi j Sj^j 0.05 

.(string) jyj\ 4LJLJ jUJJ JLLJl ijljJl jl* sta rt 

main( ) 
{ 

statatic Gpt start = {0.25 , 0.9}; 

init( ); 

box (0.25, 0.75 ,0.25, 0.75); 
gtext (&start, "HeUo"); 
finish ( ); 
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Computer Graphics 



&$&%. O <j$&"*j 




CW EV " J^ 1 



9.3 JSL-iJj ^a^LS ajU-^ j-liib ^ yjJJl 

<^L-3W f j— jj (Graphs) a^Lj cjlWaii aJy b&: ciii 
j—Jlj jJ» f_j-jj (Flowcharts) irfWI cyljajbwtj (Plots) 

^ **, f UJlj JLiLiJl J^ (Center Text) ^Jl o jS> 

. ji4v« *1«- tfji ji 
(T?^in^^iiUli?2yP( 5.3 

l« — i=uw LUb .(World-Coordinate-WC Vj 5 ' ^LJl-Jb-l ^jJai* £■ J*Ua JUii~ll 01 
t( Normalized Device Coordinate- NDC) jLg-Jrl jj-w oLjlJb-J pJb*c^J olijjkdl 
(Device Coordinate- DC) j 1 ^-' olAJb-l ^l*_jlai« ^Jtsxi^-J <Lis*=- J-*^ *tw£ JT Uij 

NDC Ji WC cj-^ JjVl tJl—uj^ 0!d ij£ *1L* of btj US" tOil .U ^UU 

DC JI NDC t >— • (3^ iJlj (Tlie Normalization Transformation- c5jUi» J*j=~Ji) 

ol_^.jJiJil &~» J — f 61 . (The Workstation Transformation - J*«Jl *Ja* J*j*i) 
.10.3 J&tJl J £fy> j* U5~ U i^l* J*»f «Ja* U- al«Vl 5JUJ ti\ JL^I 
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NDC jl*M ji* oO»>J j WC a-JjS' oCU>-l 10.3 j£iJl 
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Computer Graphics (Styd*® -VJ§ gfayj 

(The Normalization Transformation) t£)L*ll jf ^^ 6*-^^ 15 -3 

O-* £JJ ^ < ;, ^- ! J— Ljl ->' -^—^J J«->* •J^ ^ oU >" t^ 3 * <* c/ 
•p 9- Jl 4JL4; *ij*» WC pUis ^ Oi** *j*- 01 *i«j <y^ .»-i» ^Lila^-Vl cjUjJi^ 

i-Ja# JLc #~ Jl NDC s-Ua» j* On** je- J* r*- iiAUS"j tNDC *Lbi J Oy 

.(DC) J~Ji 

cjjl «Jl J-^dl t3 -^jV V" 3 "^ ^*** ••***'.) J* p ^i*^ ■ > «J*'J *■** u^j** Cj£~ 

.(Virtual Screen) a_jj»lt jf 3 r />l>l JLiLi Jic NDC oL^o*.! L.^ li^l 

^ jl — ~JA -^jU «Jl lijlj oLjLb-l *j_^« ^ »jLp jlfJrl UA ^yJl f4a*» Oj5vj 

. (1.0 ,1.0) y--» 01 — JU - LJUJl ojlj oLJl o^ij (0.0 , 0.0) yj» NDC o^ 
i-iiji Jl l$l£ ^ (Window - SuiUi) a*-L~. jU*b f ji iWC oLil-b-j IaJ&ia 

^jj—lpjljjl ol jjl-k-! frUa*k tiUij bw SjJjJI tyy.j oiiUl JLjJb-ti fj£ .aJUh SjJ^Jl 

dLiyJ ol_iUl -j^U L- U ijljJlj jLJU JLUl ^ jljjl l^j Oii^dJ ^|j, 7 . M Ji 
WC CiL-SUs-l i*Jfa* J ttyw j£iJl aLJa^v -j* SjLp SJljUI oij .ajIjJIj SiiUl 

•NDC oLjWI JUjJti. ^ ijj*. JJku^ Jl L$l£ ^ 

j . JS*\ flOAi-l ^ J j -^jl L, -J Oj& 01 L-b. Oj50 oUj^tII ■>■ jjiT t) 

3 Jl — til J,- Jf. .sa^ij ijj 5,1^ ^ jiSl Uiij Sa>-lj WC oL,Wl ojjii, 
l» — xj c(Menu-Driven Interactive System) oljL&M **jli Jj^ aXsAJca l*^ 
^ ij* 7 ri ^-jj ■*&£ *>b ^j J* oU^I oU-ytj jL^Vl ^'ly j\^,\ 

.415: — o^ij uftu p\ OjSj ^ji we cuyu-i i,^ oy^^— 1^. sjb-i _, jr 

SiL_ol j — . "i/jjj .o^j ^L*. Jjyi U yJj*~* izd* <,jj ajI^j oJl*U J& toil 
o3L 0^ ^'j^ C 1 *- 31 cM^ 'e*^^ 1 Ll-J* 'j* 1 ^ ijjv»i £J*iyd\ »Ja Ju/ 

(Normalization tSjU^ll J-^sIl J — J* _,? j^y ^js t iiU,i (Parameter) 
^l^j SoiU .juyd oil .ijjji VjJJ soiUl oU^l^. ^ Transformation Index) 
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Computer Graphics 



dMbfrty.qyjfycfi'SJ 



void gset-win (trans-num, window) 
void gset-vp (trans-num, viewport) 

Gint trans-num; 

Glim «window, »viewport; 

-3j" **'j*j SJJUl i^ijjjJ ^i .t£jL*U ^iy*& Jsk y trans-num Uj>»l L* 

(X mln» ymin) j (Xmax> Ymax) and 
(Uinjn, VmjjJ , (Umax, "Vmaxji 

.11.3 J^LiJl dew j*UT 
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») 








wc 








NDC 



yfjUll Ji^t Juyu 11.3 JSUJI 



typedaf struct 



Gfloat xmin; 
Gfloat xmax; 
Gfloat ymin; 
Gfloat ymax; 
}Glim; 

•jJl juffl *T J «J»-j C^" (jiJcdJ JjB >j) IL-* cJyAl '0 s c^jUil Jo^ 1 

-.SJbJl oljUl L^T Lit jl UT jjtdl ^ UA o£. . NDC j WC 
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Computer Graphics 



dW fr® -<yy^ cyy// 



static glim windowO = {0.0 , 1.0, 0.0, 1.0}; 
static glim viewportO = {0.0 , 1.0, 0.0, 1.0}; 
gset - win (0,&windowO); 
gset - vp (0,&viewportO ); 

: (select nonnalization transformation) 
void gsel- norm-trail (trans-num) 
Gint trans-num; 

^ IP j^-\ t5jL*l.l Jiy^ tji^ij *-»=" (^ &*" Jj**^ tffj 1 - Ji J^ 1 LS 5 ^ 

\»4 :■; Jfcdi j^tj 'fr'j^i o^ ./ C^' *A*i ^ gset-vp j gset-win uy-w^-^ 

-gsel-norm-tran j!A^ ^ 

0— &j .(World Window) Vj^ 1 SoiliW ,►*>■ J& a-S <^t dUU* Jbrjj ^ 

J «j *i .NDC sS*e* Mjka «Jb~j xjy» JjJb- l ^ a£ L*if oJLii* il)j>J ^jJ^Jl tyjj 

,j-. ^ .NDC «.W*3 ^ Jj«ill ajjL* Aajai* Jl SJLiLJl j^^ ii^til aJj^I cjULIkJI 
(Aspect cs — ./as^l ^jll 4~~J 0^ i jj-aJl f _}*j£ oU.a*dl »jla Jais^ t)f t^jJj^aJl 
<J_LU. L. Ji LjU* OjSC. "if Oi CjW-ymi,,) / (Xmax-Xmin) ^ AJj&l SJlsUJ Ratio) 

gs __i f i. iljjl ^a Ct~"4\ uyU 0j& jl L. . (VmH-V^^UmffirUnan) ^1 AjI^J 

3— 'Ije £ • JiU=* ^ Xj y ^»4iJJ& ilai«l J^ A^kit jJdUX. jj^J-l ,»— Jrl (_*»**» 

.12.3 JiCiJl J ^ j* UT (Ellipse) W*f jl *«■»; £>» Ji Jh^b 




(n n >,v IB 



o 



*s 



(Xntfn, y«*0 



(H«0 



->v 



wc 



NDC 



iijjll iljj illl>l 12.3 J^lill 
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Computer Graphics 



&®&®>.ajfy<3fi'SJ 




fJUJi 13.3 JS^sJl 



.(Clipping) p£A\ 2.5.3 

S b L^-j iVjJ 1 tyy. Jl U^" pZi u3j- SaiLJl J^b *£ £Jl aJj^I i^UL&l 

.(Clipped) f-iSJ 6t <_^£ tSiiLJl £jU UT jt Uj» OjSi q!\ 

J • (*•>-*■ iJ' 1* &£ OJ) t* j* L5l jij«i {*&& *^** f J*» 

o^l ;t£Jl <r JLiJ» aJLp *b't .SoiUl J^b ^ *JjVt ^liL&t 

Ol^Sj ^Jl sJjty oUW&l Uj J*i SJJLJl ^ jU ^S ^1 «J/lJ» 

tl j *Sft <»? J^ t*lj~t Jl l**^" ^ S-isUl J*-b U>- 

.13.3 J^J» d CAS ^ J*» fc iaJ ' J* 13 
j l -r& yi JaJ Jb4j lM^ *JlJl CjLtjjIjas- £- jAj f ji^- 

ij^b u*p j* p-UJi at iJiji* u* cjj.u-i cjjJi j ^' 
ji i« Lu ^ sJtiUi c > ^ gJi p-sft at i& J* L-. 0j£, ^>V ii* m* 

:U»j »lp*^l li* J aUlCi- dJULjh j^jJ 

J*UJ| JU> SjaB Ajilil c^lij^il 0j£ V Ji -1 

ilil oUj£il £• .Lbr *jiiv jl U* ip£ Ojfr ^ ^ 

c>liJ^I 5y>lb Jl cpJJ U* Sj-S' ^1 0j& UX» t**iiM 

o!)U— - U&-** s^-^ L - *** (Wrapped Around) 

^ij . as cLU JUj ^(Hardware Registers) a^Ui c^U j^U 

.14.3 J^iM i) ui^ 




(U* 14.3 Jii« 

uJUJV 



^Ij, - JU SaiLJI Ji aJL^ J»>*^ *^i ] ^ °i ~ 2 
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Computer Graphics 



dW d*ty.&jb c/^yj 



.15.3 J5UJI d JfeU ABC JW-I J^td ijlill J~- ,> . 3,jJI 




i&Ui V^ f^ 1 15.3 JSlsJI 

L-i, .1 i ;>Ull Jujjl iljj JJ 1*1* { Jlij SaiUl J=*b £* AB -ta^-l **Jai 

i— jjjl Ajlji 0_j£J l>J tdUi £• .l*--li" fj*~i 5JL*LJ» ^jU 4*51 .Jl BC Jai-I **Ja3 

(Virtual JL-v'l.yi'ifl l^_- iLi <Jj «; gJl (Unit Square) Sa>-jJi ^^ ^ >*»f 

t*)\i cNDC *U» j>« Jj~iil ijL. iajai* Jl BC J*M *«Jas Ji ^ IAJ .Screen) 
^ II c^VU-l ^J>-1 ,-* ^U-l «-i* .^jUait 3jJjJI AiljJ rjl^ ffS **W>I o-i* jf ty 

.JLi^Jil JJ ^ XijjJLl 

S#— ~f ,>• ijilS' of iij ai of liUij aJU-l *i* J] JaJl I^j:. tfj^ **ij> ^ILl* 
OiJ .* — i jj\ Us 0j& lit. js- ij& tsf udikf V c v>Jl oU*£LS" 2bili» cjUj&I 
JJ ij—^JL ^Ij^^J iJjVl oUL&l j*JL57 ^ c-5- tdJUi 0U*» oLs^Jl J^ ^i-i. 

.^^ 3jj11I ofcj&l JJ UUji JJ V*i* ~*ijji\ iiljj 



j^^iij .tSj dllfi-J Ufy «Jl« «JiH SJLp i-Jlib IgJ i_»£jJ ti»Vl»- dULA 

. cj\*y#)\ oUjti. ^ jtiT Jl 4»U»1 (r vfJLIjLl tlJLi. OjSu *Jill aJ** 
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Computer Graphics 



&8>&®>. Vji)o*'Sj 



(The Workstation Transformation) J**!l ikrf Jjj£ 3.5.3 

«y» jj — * ui j^l (DC) jl#M oUWt * Ui Jl NDC fr Ui ^ (Objects) Sjjkll 
tJa — a» (World Coordinate) <jj — -xi Jij>«^ Jia^ L»5 jJ .2L2JLU Ls -^-t ^ 
£-0* j^ Ji NDC *U* J»Ui £-*- Jii J~J» 4k* Jij»J ^l>NI Ji^ fjif- 

ji—i Sjjjidl *Li$U a,^sj </f *)L* 0j£| ^ d^j c(Aspect Ratio) ^H\ £>l 
IJ — » <^»i>Vi Ji-AJl <£. ^.IjjJl f jsJT t) .(DC *L,*J) J^Jl 3jb5Tj NDC &L,«i 
(J} ^ji y» US' UiU Oj>j 01 £&£ jW 1 ^^' '•** jss*" t^ ^jj* ^j^J niUi *u« .l*JL« 

p — Jai 4 — J f t^JJI UIj^^JI S_/UJl Jajaji £*ti^ 3jC S^. jUe^l J& Jb=-LJ 

.16.3 J5CiJl J en** ^ *>jV*Jl 



— iW^AM a 















I 
I 
1 
t t 






1 
1 
1 





_ww_ 



i-l r-i i-l r-i 



uuuu 



1 



P Exit 

□ Undo 

□ Help 

□ Hardcopy 



5-Slj^Jl iJ\jS\ Jajast *^>_,Ip 16.3 J$^Jl 

t lgAiA- -I ■ Cc ^Jl cyLS'ji.l jLssM a*JUJ 5Jb-lj fc~L~» JLiJbxi ^jij U* 

*^ I ;j\ 3la .<^ij JsxjasuJJ Sji-S" 4s»L-jj ljr> y ..\\ j*\y jL-^-l 4aSL«J cS^pM o-L^j 
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Computer Graplucs 



&®drib.q/jl!)<y\>jj 



j . .lf*ywu f ^Jl SjflJll i*j&> 4A~J J* J*«4 01 -A^i^Al t-J^ 05 t|*-*vadl 

4bpi>. Vj -k2» (Plotter) oUUl jv—lj JLp i*-will Wl^SCJI 2yl-Ul ^j ^ tibdl 

J *& 4, )a^ CjULJI jv-lj j}-*! tOl«j-.jJl 4*jjai. J) 4~Jlj -jV* 1 ^ ^J* jv-^ 

j »Vl ,>-J«i I • jOij iJ**Jl {£*£■ J& Olibi 0l^»jP jjfk ^j t Oil 

^jsi 4^0 ^oiUjjJl la* ^Jbti-j Ji liiUa^L .Jb-lj 0T j W'jj^ <_-£ c^.UjJL 



f l J^ J '*ijj^ ui^^ jjilji Ji WC ^ jL^I £~Jl* J* (^ <i-*- .4ikst SjjU* 
.iiJC <. j -, h\jj 5JL^53l S/laJl Jaja* *»-L^ ^ JUo-Jj tNDC 

.17.3 J5^iJl j 4?w>j» t^!>lj_jp«-Jl oJia «^ 



WC, 



DP 



/w^JWU 









n n r-i -. 


1 
I 

I 
t c 






1 

1 
1 





—II— 
n n n n 



rn-crcr 



1 



Q Bat 
Q Undo 

□ Help 

□ haideopy 



.nnnn. 
I 

WC2 



a Exit 
D Undo 

□ Help 

□ hudcopy 

wc 3 



NDC 

<Aj<S3l iji'lall (,-^vftj o^j4 17.3jSLiJl 

(Terminal 5 — j>]| J«J| ^ Jl NDC *U» £ ol^ L. JT Ju ^p^ ^ 
(Plotter oA—JUl ^I^J J*J| 5t< Jl -di ^ 4^. *. j^ Jaii j&j < Workstation) 

•Workstation) 

:U» JiJl IJla Oli/o olilll OW^V 1 
void gset - ws-win (wk-id, ws-window) J*«JI ~4*£ SoiU jUpI - 1 
void gset - ws- vp (wk-id, ws-viewport) J**JI &*- 1. jj 1.1 j> jl JU4 -2 
Gint wk-id; 
Glim *ws - window; 
Glim *ws-viewport; 
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Computer Graphics 



&tyfrfy.yjl)Q/*j>j 



A B 
E F 


C D 
GH 







wc 



A B 



E F 



NDC 

1 



DC 



f .Li» Cr .Jli;Vil8.3 j£i» 



J — *=£ t£J — I' J**- '<&*£ iiili gset- ws-win <-»j«j 
* — k*= «-*t> j*j 0j£ .wk-id J—Jl ijai ^akii ,—Vi 
i -ui o JiUl a .i* .init a^^Jl ^1^1 J 4^5 ^ jj 1JU J**Ji 

v __ »j -4Ja*i ^tc. 4jJj Lljj jyi gset-ws-vp U**f -WJ 

l* lUJJJ NDC *U* J a»L-^ ^a J**Ji it* Sail; Oj£j 

J oJl akst SLijj 4jIjj U .NDC frUii J <GL*U» JbJbi 

J \ — *LlU>.l j,Jb£ ^ JUJUj J*«Jl ^t JLp 0j& ^ 

J i>^J (^jW* 1 "' JiJ*^ 1 i)i V*^ -DC oUWl ftUai 

(3 « jIjj Jl (jv-jl *"M a=-f & SJtiU Ji »i iJ**Jl 4ksi 

-18.3 J^-iJl J ij*« y \*Z ij^}\ *UiJl 

^J->: ■-'. 03uj&\ jSljjJl JJait ^lij; Jli, Jl JljxJ 

.19.3 J5LiJl ^ Cfc* U5" J*p iia^ OiL.^ Uuj*; 




Plotter 



HA j&>\ ij^\ -U^ £>M J- 1 ' $»* ^^S^ 1 W-3 J^ 1 

(Device jl^l ,>-* -^^-^ f j*^ o* yM ^ tX *^ ** ** DC 
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CmputerGraphlcs &&&%-&&&'& 

t) tej\*i\ z\*i\ al^"V (Manual) iSyh JJ^ V\jcJH\ j! *UdVlj Independence) 

Jljj f lJb^ *.l L^j:. ii-» tbjj^ .j-J X>JA\ »JL* =jp d-^Jl -jSO .DC i+Jai* 

j » Sjiji. s^Ull oJl* 6jlxJ Ijt; .*aj\A\ «Jla J^ Jj*a»JU (inquiry) V^- 1 

(^CV;/j/r^#>U-yJlil(»SiBlli 6.3 

.(4.3 -aJI) Ja--^ 1 ^^ finish, init ^j^V 1 ^jp*- ^j-^ cJjJl 0L>- 

ilj«l_— L fjS'. .j .i^s^/O ajyflJ AjJUsJl *.ta"i/ M^jj^J tU^lj J-^aJI ^J ivli-l 
oWj ar^l 0-A* JUi i->>«i U.U- l^Ai t)f l~lp (jLj ^ cGKS l*Jt*> olfr)>>e-i 

j .l^AJbv -1 jj£i jliUlj finish, init Ji> ^Wj*l (3 ii>ljJajl-l o-i* £fj b&s 

(Initialization) J ^s l! 1.6.3 

(Setting Up State Table For The System ) 4>jJai*ll JdU-l Jjla* alJipl 

(Allocating Memoiy) SjS'lS ^/>-?p£- 

(Allocating Physical Devices) *^2>- Sj^-I { j^£&- 

(Initializing Eiror Handling) tUa^ty J jbl ^ 1 -J iUp^l 

(Initializing Physical Devices) \3lZM o jf?rS|l UJ aUp^l 

(Linking Logical Devices To 5 jSJiJ-l oj^srSb 5^5)^1 oj^'ill Jajj 

Physical Devices) 
(Setting Defeult Values) i^l>Vl JSIjJI p-i alJ^I 
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Computer Graphics <y^ fr^ -tyjty G^yj 



* — *J&* o — * W? "^ ^W^ 1 »*** f^ 1 J 5 *' ,>* ' «-=-'^ a^.jasit «jy« 0>Ujj • ^ 

(Tables And cjL—JUII^ J ^U — i-l ^ — * j, vf «^| ij ^jlU juj of oUj^jJl 

aj ■*£ ^ ils^-S/i ^ j/^I j^j .^.jfeiJJ UpM jdl *JU-i J^ ^i jam .Parameters) 
Jlilj J^ JLp M ^ Jj^iH a^U. JUiuJl U% ^ -^Jl oLL*ll jyj* oJlS' ISI UJ 
^L_k* <J> — ij* f>\ \>\ J*p ojIW Jl jr^*AJ aJ jt cyUUT JUjl jSj:, ^ J» 
(j^ya^ ^ .(State Of The System) **jkAl aJU- Ui j^ iijb- a-i*j tU~- . J**J1 

cjlij ojtj (Attributes) 5>J.I ^uUdU JL^ljiVI Jsl^l *-» o~-5 *=> Usui aJL*Jl 

.'0' cSjUll Jij^Jl Ji. 

(Logical g,. »WW vJJll dfc«" U^i p. gJl aiJWl dlL' Jl WjiT a*Li* 0j& *i>j 
s Iks >L jJil £» ft ljt C <il* £*l^ ^ (Physical File) i J^-\ ^JilS Ji File) 

CRT a—^jJI&I 2bLi.Sll ajjJI j«- J tcjjj J^ i/ja4 ot ,^£ yyJiJl ^-.Ijil tjlill 

j Ow-, US' col>^ a*jI Jl JiSl ^ oUUJl «i* £ b^ GKS ^jk* ti 

init( ) 

{ 

int fd ; 

fd = create ("eTrors", "w"); 

gopen- gks (fd, BUFFER); 

gopen-ws (WS-ID, CON-ID,WS-TYPE); 

gactivate-(WS-ID); 
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Computer Graphics cffij) d=*>j) -9^3 cA'j'J 

(The Error File) ttia*H\ u»JL» 2.6.3 



l— c. .(file descriptor) fd u&* <Jw»lj ^-Ciil^ ,^-U* <_aL« y»j "errors" ^a* 

f.Ua^-S/1 »JJ» jijstj fljl£* (j^oi^ (Jt-ii IJJ cUaai aJL-j »c£$ aS oUj— j ^Jb JS* J 
j, Sj 4J frUa^ty -_^ f- ji J^Jj • X ^~J f*J ^ ^ J^ ,<zJu>j~>j *Jb c£l W...V.) JJ 

(^Iji-j^l JjjJs J^L- cftl jy) OjijJl oUk* <_~. *• (Error Handler>D=^^ 

ij U ^ \ Ja-U *jj *> tjai-l 4J i±jJb- (^JJl iJljJl *ij 'AiS^S" JLWL-jJ <j*4m (^-iJlj 

l LS __*-Jbdl ^ * .Us^Ujj JUu7 Jbu (_jJll iJLft <£y£- i/***** tijnttmi JLjJjuj .p-lJaS- ifl 

.*Aja^l £=J ,_ilil ^ V-J4 d^i jiff jl y-«U r^I jU* f Us«-I U»Uaiu»lj 

(Opening the System) k jlfell gi 3.6.3 

.Lib- A=^I» f c^ijl fd frUaS-^l ciLi <_ivslj -1 

-s j i~-SJl oA* Of J?jj&<« .AjjUaiJ Jlii^l OjaUl 3**. Jijc BUFFER -2 

define file (s) olilil <-Jyw i)a-.lji U <A-j>\jW\ JiUJl pi ^ 1*juo^ 

SjS'lJLJl {j* *fy* ~<3& \u& ilL* OjS^j c^uLp ojj*oj .** Jsuil 4I2--I «j «i 

.*Js~-Jl p^ljJt JjLd (Lj^^aii i.jjid.1 /uJai-J jl ) 

i»j JajLl CJbJUi* ^ JJlP aJji {■ yS -^Jl dJdjf Ji* teju^Jl 7?*\j$ V"^ L«l 

j_jjl» ^ dUij SjTl JJl ^ aj y t_JLU Jl r ^ a* ;*! jsrl Sop j^Ip (/j^ jf Sjjl^I 

-BUFFER a a JLLl JiJ* 

(Opening And Activating Workstations) J*«J' ollarf ia-i^j g* 4.6 3 
(Invocation) J j* i~> a — -s- -J^\ jf »a*-lj J*p ^k* ^J OjJL)^-^ 0^1 ^=- 
^ — lb* ^ — , L^U^ t) l^asti^i^. ^1 5;Ajkil J*jJ\ ^- Jajj *i gopen-ws 4JlaJl 
>ljb«:: ^1 Jais r^ ttlpaioiVl la» a*j .cjU-jatll LjJU> ^jV--? ■■ -vit ^LiiJ-l Audi 
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Computer Graphics d^ffi d*ffi .tyjty cfajJ 

c£^ — Jl j J** 11 ^ (Logical Identifier) ^Hk^ <-i J *~S' t/*^ ^J Bj lid (Gint 

Jajljdl I Aa ^jSo iij? t JaJ-| g.yj .AJLiU J»«Jl ijait £. Jajl^l *.Urf f j* JcJUll 

ws- type J — **- ^* JMjdl l-i* <Jy>J <ijkK c£-M Oi .JL-is Ji JUs ^ ,_ildi 
(Device jl$ — jM »j\*\ «J — >-j jb£ con-id J*>rj a-** 4,jL5y- J*p ik# Jl juio 
(Entries) J->-l-A> Ji SjLi^J oLJUll «Jl* ^ jlas-j jS tSy'-f oLS-k; ^ .Driver) 
Sjtal olJ — a-jj 3 -*-S=M J^*" oik* Jj3- *ijjjv» i^>Uj1m ^Lp l£j»= cJd* <3 

CjI — k* ,jv l -kijl' ^.ji** (J^ t£ J^ «Jla-I^J\ 4-^jJl OjLJl oJlA 0j£) I^JaJ . jl$A-l 

5 — lU- (J ji Jo ^1 f-^ -*5 jell oJL?-^Jl »jU»ll £>j£> oi\p ciJikdlj 3LSJLU ,UjJI 

Ji juL-u. IjJlj "J aJIjiU t^-ijJ^ J-xjj ^iljjT t(include) <_iL* J ^ •>«— i ^jss*" u^ 

:<^ 
gopen - ws (CRT, CONN- ID - 1, WK - TYPE- 4105); 

'iJi L» fJbvluj JL* (ji*" '^j*^ *Jb- (jjj 

#define CRT 1 

#define CONN- ID-1 "/dev/tty05" 

#define WK-TYPE - 4105 52 

j • iijl* j~»JS IJj? ikst (J.I jyio J5 (Mnemonic) j/js^'Adl >»jil oi cL~>- 

Jjm L-tj .52 p y J** *k* Oj£j JLidl U* jj (Tektronix Model 4105) £ji 

jl i^l J ij 3 jJJi 0J1A '*o*v>**f> jLjar Sjbl a "o-j jb**- /dev/tty05 J**»>^ 

.gactivate-ws ^l-)Jl j!^- ^« J*«Jl ^k* k-i^ ^k^» Ij^Ij 
Ja «* i_^j ^| J**JI 3ik^ ^» Oi tiJUi > l^ij 3>-j^. 4k* Jl *J/i/l oULSCll 

C^l-JUiJl ,>_« I ^ dJUli* jSClj 3JU-1 JjiJbr J ^9 li^S' ti-Uli oUUi 
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Computer Graphics <s>ty d*ty .£(■/}) Q/^yj 

^k: — „J t Jldl J_^. JLp .init *JlJJl J Uy?- j5j:, *Jlv>l J*c ojUast ^i 01 

gopen- ws (PLOTTER, CONN-ID-2,WS-TYPE-PLOTTER); 
gactivate-ws (PLOTTER); 

*=■»' — «L* ^ *»./»■» Oj^J 01 ^j&i (strings) jyj\ ,y d>jA«a}\ »jl* t :yU S_^ 

.b*Ujj J jl (include) 

(Termination) »li)|f 5.63 
*.l_jt L_*ol£l f 1 Jl»i JT JOa.1 Up .JL^I ^ j^ .k^t *U^I OjlC 

.finish ^j*- 1 ^ cSjJ li* ..Ufr.iil 

finish( ) 

{ 

gdactivatews (ws-id); 
gclosews (ws-id); 
gclosegks( ); 

} 
f > _s; .* — 2& f ^j J**JI *k£ (Deactivate) *JUi JUwl J\ ilM, ^ "Vjt 

'J — —H <^ k* £#^ 15^ j^ liU- .tS^t aJUi J*p *k*- t^f a* «■!>*- V' u-*^ 

lil — * .1 — Jb*b jy^i\ q* ste- djjJb- i^-«; SJUiJl 8 JL* 01 .o^Jidl J^p-I *Jai^ 
^ . (j? JaJI ^Ijl ^ tf,j i_iiS jt ^5*5J-1 jl^l iiLi ^k-J ^~« Oj£j j5 tsj^ 
.^*LJ j^l ftLgil jlp Ui jUy jf C 5AL £ slse\ UiL- </lS* s-lk^Vl <JJU jIp jOl 

(Polyline And Text Attributes) jf^'j *»jtl.ti *.i~r1[gj^( yl^j 73 

«.U a: -I J^U ^ l^Jl Jj^jJI j? ^Jlj cJaSs ^Ij i>jM-l iJl«i. cJlT 5JLp- ^1 
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Computer Graphics &ty &*&) m r y /ty cy\ryj 

«* — ^ *Jf «i* uyl j*"V 4 j^- 1 t**4jU- .j^l -up .gtex j gployline jy*j*"^» 

«->_, — * \ J* . ofcL&l oJA tSj^-f ^Ij^ U jf jtfiH oL4jj i»^ai» j^J j(u>c. UJ 

J j^k ^UjJ J^« i-^S^-ij GKS 4-jla^ t) t^j^t JLJjf oULS* JL*- \jaA J^ci 

l- a »./»U ij £. cL~w«- . jlj jl OU>JI lS^j^" **i^ JjJ*«i «j^*il .-ji;./tU » yu 

J J5 3JLP lA i-b^a-U .a.^fT tU^l i^UL&l jyuJ .eU^J f^-^ 0^1 i^» 



.(Geometric And Nongeometric Attributes) *~#*i* jbj *->•*** &&* 1.73 

U + \\ ',-_ f I JL* ^» Ar^Nl of J* <.j^\ iai-1 o/* fcil U~*f JUi UjJ 

^ ,^ t .kU ajZi JS jf .i3jjS« OjW & ^ >*t uM^ OjJ OjlN Of Jjflllj 

a1 jt -■ *£jLO?-$ j**** *& ^ S J*** 0t £*^ M ^^ ^ ^^ 
a Ura >; ^jf ^,% OLXu ^JjCiJl uyU -i3jjV» jt ^ <J^ ^^- ^ 

, JjSh )a-.tt i^j ^ .a4 ii>- .aJjSi oUL53» ^ ij-ii oii^H way m/ ^ 
c tf ^ ^>Ji i— «»j o*j -^ u >" o^- ^ 4j^ 1 ***• '-^ ^ i ^ 1 

^ULSai =L.j^ i>Js & Sb (Primitive Attributes) Sj ^ ^ oUtf1 ' 
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Computer Graphics &®)&®)-VJ§Q/ s *JJ 

iij & ^JUAI cjLL^JI .^aiA lL/> ^j> yj\ f \JSj\ tjlill J^ ^& .WC oLJU>-l 

cJV ill J--* (jlp .v«JLa jjp oLm ^^pOJ <L-»JHa OjlCi "if ,£JI oli^JI JT 

.^ ^ Jjjb jjp 4jL^> (Jaiil« ijl *Jaiil» jt ,)**"«) J* JaiM iJUi* (3 fJa*2««J»l Jail-I 9" y 

eJk A t) J pM J^l ^uu . Jjl Jli-I j ol^-ij* lk-*lji V -J^Ai JJ* oli^aJI jlJLpJ a^ 

p>j! — ll J — i ,j • 1$ ^S t)l^"^b oLiysJl *^- Oil .UL.»,« ttj** 0j& JjlJlJrl 

3 — Ja^ (/^jiuui JUfr l&lp a^Ja^xJIj 5L^« J^Al jj> oiLiyoJl fjj ,j>*»-M (V UaJ' .,ef-Jadl 

,^U)I JUJl J L^>-^<^« US' c 1 UjJI 

(Polyline Attributes) i»jk^-» AJbd Ijf oli^ 2.7.3 

(Line Style) JaJ-l JxJ. -1 

(Line Colour) JaiJ-l OjJ -2 

.(LineWid^J^l^y^ -3 

a. — -5 »si -V- jlj» jjp oUv> <_**■) i20.3 j£iJl ^ US' 

:U*aJl C^ls.1^1 A^L- U; JsjJaiLl iJud ^-SyiJl oU*dl 

j£a 203 j£iJi vo *d' gset - hnewidui (linewidth) 

J.^^ ,«,*, void gset -line1ype(linetype) 

-^■^ f ■" void gset-line- colr-ind (line-colr-ind) 

J Ji j\ jZ}*j itJ-l f^y Ja^J-l ^^P ^L* J^U* i\At-\i izM jarVI oi* f ji' 

. JljJl JU; (Polyline Colour Index) l*Jal~\ ^a*^ OjJ 

3 twt J*. A*l^k fjS-- c^All isstU ^>lj»l JjOj y 1.0 ^L* J»U« ju*. 

.Ja_sdJ ^Ija'ill Jj -Jl tiU- cjUpUl. ^a linewidth vi*ll OjSj .4-2^ J^e 

lil 1 »J (Inquiry Function) 3L , ^* : - , ^ f lJ*i-l OjJu JLu of «^L!jJl jiCc; "^ 

iij a_j of Lip IJlA .«_JJail v— *- tiJLc- IA U»jk* ^i. of .JLiM jUvJrl ^ aix. OVT 
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Computer Graphics 



<3ty&db-c?Sb c/^yj 



gset-linetype *.l^i £ linetype ^jll ^Ja— 1_^ Jai-i £\j\ j^jJ. ^ 
a^t ^f J*s &j*Si\ oljiji.1 .(Solid Line) J*«u i* _,* ^l^l J*jlJi 



J -~~. c^r- (RGB) JjjSll -^ty -^1 t)»jJl tffcll Uj^a GKS f Jb^~. 

^ — it .(Colour Monitors) 3 — j_jlll v 1 ^ 1 • j* 3 *-' »■)"'■* J*p Jl AtfLf L.^s Aija. 

.21.3 JSCjJJ J .jo,. US' I ju&I ai^J JLp oijfti J^a* cs^ oil 



Index 


R 


G 


B 





0.0 


0.0 


0.0 


1 


1.0 


1.0 


1.0 


2 


1.0 


0.5 


0.5 


• 


'; 


• 


' 



001 JjJI* 21.3 J^iJl 

a— ^AiJl J_^lJdlj JjJi — Jr» {j* ,Jw> jL^-L (Colour Index) Cijtt\ JJi pji 
.^-ijll jt JJjJI liA WilU* *3_,jSflj j-^% j*ty u* $J$\ '**£ ^ SjuoU 

^ * JjUJrl J^U. OjSCSj C jl^Jrl ^ J£^~» Vj^^ ^J^' Ji-^ ^k.-i diJii 

1 .0 I »tj i^L-fy 0jl3l IJlA 3j*j ^ 0.0 £*? cL~- tl.O , 0.0 uy L» AjaJj- flijf 

.j^Ljl J^aiJl J ^L*a£T jiSl L^ijiilj LlljJ^l 

ii> . jS^C. L« ,y~»-L SiJ^I RGB OljJVl ,»-» jfr-^j ^iJ-\ JajJI ijast f ji" 

iU\ i^jftl Jaii JUi— 11 ^ Si 4ja-~i RGB aJ^L- a^jI* cjlil.» J~- 

oi » Ji. .(fully off) Aili> US' $ (fully on) *-j=i« VJl^ L.I V 1 -*^ 1 ^' ■p^' 1 <^ ^ 

; jJL. U^" OljJt AJli r Wl gj . Ja 7 ,.. 7 c-»U2? jUll 

OnU-JLT Ljii. O^^ll Ji^f OjSC, L. jlu>) JjjSflj c^^S/lj ty^-Sfl OIjJS/I .1 

.(Off IX iiUu. ^.^1 ,# jlMj 
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Computet Graphics <$fy&Jb.yJ§Q?"JJ 

.(4~S» i*Ji\ JT) jJ$\ OjWj i(ail~ OtjJSll JT ) >jJi\ OjUl -2 

Magenta ( jU* ^lj tt jo>->^ j^tyj JjjSlI) ^loJl JjjSll 0_^l -3 

Cyan( jl~ ><^lj uj^j^ y^lj Jjjty «Jj >• y^H O^Ul -4 

.(jli- Jjjtyj UJr-J^ j^A^ij ^^fl ) ^vSlI O^JI -5 

Oj 111 Oj So jf k^~*3 0.5 ^ jjSl JjJiJri J ***» tff t^jiiJ.1 «-i* Ji* J 

. jjjw ^g.-L.Vl OjUl i)j-Cj 01 <-.■?.■.»* 0.5 j* J«f **s» V*iJ tU^ rj^-* y^-L- Vl 

set colour "Olj — fyl J — jic jUpI" f-ly*-^! 4J2— \y. ws-id y^o*^ 1 J*^ 1 fl-**-^ 
void gset - colr-rep (ws-id, colr-ind, colr-rep) \,J± l*^ iepiesentation) 

6ij — iSfl j* ijlUl 5**&l j.J. ^ . JjJlU J cJwp Jl colx-ind JJjJt jA> ii~s~ 

:~M ( color-bundle) Ol/fl Vjj v-O J^U ^» 6jJ% j^-% c^l 

typedef struct 

{ 

Gfloatx;/*red*/ 

Gfloat y; / * green*/ 

Gfloatz; /*blue*/ 
} Gcolr-rep; 

j 3^i\ uljJSU (Normalized Intensities) ^jUll S-A-iJl iJb£ z,y,x 01 ii~»- 



jj-S'UJl c3jj^lj >^-Vl uyjUl Juyu ^k-J »i£* . JljJl J^ JjjVlj j^a^S/lj 

.^L, UT CRT 5lw J*p 4k#t J^ 

#define GREEN 1 
#define MAGENTA 2 

static Gcolr - rep green = {0.0, 1 .0, 0.0} ; 
static Gcolr-rep magenta = { 1.0 , 0.0, 1.0 } ; 

gset - coir- ind (CRT, GREEN, &green); 

gset - coir - ind (CRT, MAGENTA,&magenia); 
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Computer Graphics <ffl&) fr*fy -<Z/*) cAyj 

<J -J* A aii* d\jK Jl Sjl&^J JJjJl A*J jj-iJ (lJLAi-1 as^.-'i oillS Ji»-^ 

.aj^L. J** 
(Text Attributes) ^ Sj-Jil Oli*J» 3.73 

.-^jll Ji^-w. oii^" j>»j JT iijj o-u=pI ii-^ 4nL)aJi ipU. 4) i*y\\ «JU ^^ 

• If. t^li^Jl oJla jU-iJ .^^1 ^jj* Cj* *=^ *** J* 
.(Size) j^> ,^~- -1 
.aJ^Jp Jl yjh Jaf- V-i tS* (Aspect Ratio) LS va»J gs V- 5 ~2 

.j^Ojl -3 
.iv»jUH J^ ^d) j/dl *l4l -4 

j^S^II L^Ji c^_-J» £— &J\ J^ 1 ^ ^- ^ cliJadJ U-JL 

.apLjaJl <_ijji- aiBt f&y^j J^Sli^ jW^'j jj^ c« ^&\jil\j 

oL,^, .JU tf j_^t s*-ilj* £ • J^ ^ ^ ^ '^ oJU "** 

ol>l^_*-l V^ J»* iiU* o-J .-*J» Li» ,y «*" u d ^' £> f VI «iW* ^ <^_r^ 

^ SjLiJb, £\j\ 50P Ut ^^* U^J «cW •**" ° U ^ J1 °^ GKS *^ «) 

a}.. -■ j^ j&\ t> c5j^ e-i* ^ ^-^ ^ ■*** ^ ^ bl •^^ 

.a^^ (Default Settings ) 

;^L U^ SjjJtl oWJl 3UpV GKS i>>^ «) oWj*^ dj& 

void gset - char - ht (char-ht) 
void gset - expan (expan) 
void gset -space (space) 
void gset - text - coir - ind (colr-rad) 
void gset - char- up -vec (char-up-vec) 
void gset-text-path (text-path) 
void gset-text-aligii (text-align) 
void gset - fontprec (fontprec) 
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Computer Graphics d^ &*$ -<?_/*) &JJ 

'•iji l*^ j>*jJ' (» J * J> " ^i^^i {J^ ~1 

J WC ol JlJb-l JUjJa^ J char -lit *k*»\y. j*^ ^Uijl o~s .f 

.gset-char-ht t\j*r\ 

g — -jj f\j *\ $ "expan" (Scaling Factor) ^^ J*l** jL^M .<_j 

22.3 J^liJl t^ cju* \jS gset-char-expan jyj\ 

Nonnal 

Large 

Narrow 



«_3>l ,k*>. jU#I 22.3 JSLjJi 

-gset-space s-lj*- 1 ^ ak-ljj Jyj\ Ja vW»i luti-ljs jjjT ^Ja^-J .£- 
Sja — -l^i DIjJVl Jy* J jyitJl J^U (ja ^1 jj-ij Ul^» 0j3 jL^-1 ^Slr. -2 

ia «a> Oljtf aJU- ^ OljJ^I <Jj*k* ^r^ flOAi«.l ^ aiJ .gset-text-colr-ind dj*^ 

\ia ■owl—I I ^l ^ ^jJb .gset-colr-rep dy^y J"^- ,y *^ f ^f^j cJ»jJajLl 

_/i Jl ^ *-fy ^ — Lpj iS»*i-^ (jlc- ^ *v»j t) 3jiLi&Vl iiJaJl JjS^; -3 

i (graph) aL-j Jak^ Ja~J J^ ^ tdUi £. .^uJl J| jL*Jl ^ y> 'iiji 1 ^^ 1 

(voctor) a»j> J*5b^ jji ol4Vl» |*£>JI j»i .(y-axis) i$iU*Jl jj=-^ h$j* lJj& 

: 5 luJl 4J2 — -.Ijj as-jS »i <±-9- (character- up-vector) ^J^i j>jlt *>«£* ^jCUj 

.23.3 J^JJI J iuy If^l **iA ol^L&^sfl i ya*i .gset — char-up-vec 
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Computer Graphics 



&Q&V.<?j>b<3*'Sj 



(0,1) 



ABCD 



aw 

(0,-D 



t 




J&l u>J-\ 4*^ 23.3 J&Jl 

.24.3 J^-iJl J £-*>■>* j>* 



tfel 



P 

U 

d 
o 
w 
n 



right 



^Ijl— 24.3 J&JI 

^j-J .gset-text-palh <^l J <y^ >•> ^" ^J* *^ s * tf -i»j 
J^U* if ■/*_ «^JLJl_, (Enumerated) ^ JjUft ^ j* *£* Gtext-part aUl 
GRIGHT-PATH, GLEFT-PATH, GUP-PATH, GDOWN-PATH. :'M ^ 

) jrj j| ^ U^ j WJ uU-H Vj»j» Ajfc «*>» f ^*J 'Cf> 1 ^ y^ 1 
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Computer Graphics 



&&&&.<? J^d^yj 



<cA Zj.Mt j* jviS" $ ^fJ* (Alignment)o^ljiJl IJ> j^ <Jj-£ .(WC tU» J 
of UJjji j—1 cJlsLt J~~- J* .L. a*. JJ W» (/t u"^ a\&. Ob* 3 *<« J*£ j^ 1 
»a_» . *JaiJl «Jl» OlC uU>- jj £-U£ J* WC *W*» t) *-*» AJai J^P ^ >V 

J—-* 3 J*5t J<J UJ j^Ji f** tij** Jl jr ^ J5 ijjj^ «^VT il ^UL-J-I 

2L-JLJi oJ * flj*^ J«kJ> gAji rye <jf ^ ^0, JiJ . j r jJl Oy olfl>» 3 J*, 

gset-text- :^*j (text- alignment) ^1 O-Aj Aj*\ fU*=-l ^^. ^_A* ««jl— J-» 

.align 

La^Ot. uT . j^Ji oL^ ^ij^ .jmSU: gJi cj\ji.y *Mjj <_**»!>» J^ ^ .y,x 
t -j (£j\jl.\ ^JL^IjdJ ^IjL^I **J dUU* j4 i#- . 25.3 JS^iJl «) tf-ul^ 




Center 



Right 



.j-JIlJu^jT 25.3JS^JI 



Jbit i ijl ,Ju^ iL*?- ctSij**JI iJ-^ljXU oljLt^l -j^ jjSl 3 JS- dllUjb OarjJ 

ji^) ija-ji^B J jj — =U j (Uppercase a-l*^!) Sj^l *-» j>» jW^I >* 

.(Lowercase - aJ^A^-J 

.jualj^J' *>&■ gJl ^*U aJjUall oUUl ^Ijjf ^ £j j ^ Gtext- align i£y£ 

.-5JLJI 3JU1I J5^ j/ jj*jJl j- «JU» •» ^Ja^ 'J& 1 J»- J* - Vj^ 1 
static text-align = {GCENTRE-HOR, GHALF-VERT} ; 

f.l_iilj iP-LjW! <-»jj>- ^ jVs^ 1 c) gset-fontprec j**^ ^j* - "^ U c~j -6 

:o^y if Gfontprec 
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Computer Graphics d&j) d"# - Wjfo G/^yj 

■ £f*** ply. JiJy/j «-JjlW' SpLjaJl <-*j>*- »-*Vis> .1 
.(Enumerated) Jul) 5LU)I cjULJI ^ £_# J^j iijkti a^jjl .<_> 

ilSL_-iit Oi .Juid\ \Ajoi> «uS!>U} ^iL-H J./t«H £ ^yaJl Sii vi-^j f j* i-*j-- 

j * AJlJl 3-*>jJl Cl"^ .«LJl» V s y ji (jtfj rldl s^ oLjjwJI Jj>- jjJtf S— -L* Sfl 

J jji. fV-ill OjjaJ.1 jj> t-^s-ji t4iU2»"^lj .Sjjja-i oLirjJj Sj^L" i/uU jX> o>U>r^il 

tString }yj\ j* c-«v» •• 
(Character j»j -v 

.Stroke -»j^ j* -4^ -£ 

1 \aJ 0j£. dJJi JU *L,j fcjUU t$>^ J^t joJ Aij^Jl 4« Uj . ^1 o-U-^piA 

5 2Ji ^ . ■ i y=>_)j^ • i i J ^ i) ^Ij-J^ 1 *JA hK^f S-Aj-Aa Jj-LiS LUaS oUJ 

j ^ t JaiL| dJU-j OyJlT JW>*-I AJbc* cAJ^ £■ *JU4 oilT US' .Whis. ^jlLj 
Cr ^. MU olij&l SjJi ViU> Jm, V JLfc-U g-Viji J *.»» ^U**JI o.^ Of 
^j^, tl/ ull Qj& Sj-JJ oLwJJ JL-dl, -V^ 1 S— »■ *>W* ^ °^ C^ 

^.t oJuOJ L. ttS^I SjeJll l^LI^IJ V*JW 0^1 .VjlUl 5^13 JjUaJ ^-^» 

jj. >- JU, ^ c^U^ £ WJu ^ J*J^ J*^» a* -M^l t> ^*W ^ <Ji^ 
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Computer Graphics cffij) frfy.yjty Q/^JJ 

(Bundled Attributes) *^jjy &&* 4.7.3 

jj.-t 4_*J ^l 3 — i^ JT c~s jh4 t JjSfi a-fifl c) .(Bundles) p jjl J^U -^ j. 
dl_-£iJ OjSw>j iUoi^ Sjj^ij frlypl cApo^iI ija-nlj; (Nondefault Value) \?i>\ja\ 

{jSs. I »jjJL\ CjI — LysJl L.I ,-OjJ *LtU-b J~P 3ja^ J^ J^ lULlyaJj ^pii Jjty 

izj\ . i^tW AJcfc^>\ jSor .SjuS' Uj^ o>li *JT iJL*> jijJ o->- cjIpjasi ^ U^IjipI 
.iiki£ Jjajj *ihi£ J*P ii>Ua#i ^Js- iJjty oUL&l j^J? J»Jr **jjj^ 

i/* - * J 5 ^ J* c^i CRT *j»>h c*^ ! 'tf^* r-'jJ ^ CRT ^j^ ^s*^ 1 

. Jaii pl>^rf 4»jj 4=ti*o Jp s-bj—i ■jbjitj'- fjo^ * j/»""i ic*^*" l*"*"'./^ ilr~J OljJ jl 

jj—^t Djlll . os^sM MT ^^ ^ ^Jift p-ljJl *L*j Of ^ L. Jv»»i c^J^ 

(Solid) J *ai« OiM~l ^ J*~ J* JiJ-ll dj£> IrJ .U^ij ja-Jl ^s r ^ JUlvj 

jub^ll ^ c^-iall j^-lji <l£i> J*i Lc.jJ IJJ> CjI £• .(Dashed) ^s.-* jt-^j 

t,jy Siy \a ViJjA J .CRT ivbjUJl J^ «.!>! JSI AJjill iajaiil -tjJa^-l 1^ 
.^j—JWl ^Ijl Jp i»>3Ll ,>• ail* {}y\j tCRT ^ Ml* 0»jfl bJJ OjSo Ol 

« ^« f!Apl njLi"! ^-Aj (Flag) ft^pl SjLil ilL* a^-jJ <Lw-jla jji iiv' J^ ^-« 

.i—jil^l jf ? — *jjjA * — i^aJl oJlS' li^ l*j iJi^ -^31 (Aspect Source Flag) *s*i>\ 

*$ Pl i^>\j\J>\ J^LiJj CjLL,ail oOA ^ ii-^i jit ai!jC ilJUA Ob — ftjL^t f /i-*Jrl 

1 -ki-l j5Ci :i>jJaiJ-l JJU^. oW. ^ >.. M t f^l ^IjUi tf JjSlI tij^l 
J — £jj J*p ak* J5IJ (index) jby ila^b ^ .OjUl j J*M ^jP ^Li. J.U. 
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Computet Graphics 



&tyfrty„aSt!)cA'Sj 



iJL 



■J- 



voide gset-line-rep (ws-id, line-ind, line-rep) 

Gint ws-id, line-ind; 

Gline-rep *Iine-rep; 

typedef struct 

{ 

Gint type; 

Gfloat width; 
Gint coir, 
} Gline- rep; 

£— • CRT * — ^jl*Jl ,^—Ip ZL& Ajj**} (Sjg- J» jk* ^jSj ^k-j IJSC* 

.26.3 J-^iJl i3 Ufa" L*^ ui^J^' <J~^ 



Index 


WS 


Type 


Width 


Color 




1 
1 
2 
2 


CRT 
Plotter 

CRT 
Plotter 




1 
1 
1 

1 




— -w (\ r\ t\\ 




—w- ll. 9 U., U.J 








-w- (0., 0., 0.) 








-► (0., 1., 0.) 








-> (0.,0.,0.) 



iA jj\ J jJbr 26.3 J&Jt 
(set J»jlauL| i-Ux* ^J* il— j s-lj^^ll ^Ja^ljj wlijJt jj^-i> cAiUaJl jjJo f»-i! 

polyline index) 

void gset — line-ind (line-ind) 
Gint line-ind; 

.( u ^Jl ^j* O-Jj 
^ iJb y Jaii ^jj N ^jjji-l olivaJl flJbiiu.1 Of £• .-X^*Jl SL-y £ J ^i>\ji^\ 

j * iLjb aJLJL. jIj5j tf \^Jz dJJij Vj* g^jJ L^i ^^ u^J 'g\j>*M ^j^- 1 

J_,U * ^j gJiT.-i .jj^Jl jt JrfU J5^. JiJLJ l^jf U1T oUoft c^S ^LU* 

132 



J.I.I'. I.. '.IJHI.IJ.LI.il J Hi J.I I. I„|.' I I. I l .l .lll .'.|., l|. '.II: 



Computer Graphics cffi>) &&) - q/jfy QfrjJ 

.olj<ijll j* JJ5 iOP jjp dJUij 

(Other Primitives) tf>f 2tljl utiUS 8.3 

3 — JUi>! S — Jjl oULS - ^ Ijbr j^ 3 Jtp ^ Lijij J*Ul -J-?-'. Lit ^ *i^Jlj 

(Ja*» ,jS0 tJtSLity j-. olPj~4 Jl CjU»JlI ^ Ail=3£ f Iji? Jy L. r j\jS LiA&- 

.^ ^U J»jM-l iJbo Jl vU-l aJj! oULT <I5C GKS =L.j^ >jJ 

.Polymarkers oU^UJl jjuo -1 
Fill Areas *J* oIp-L-* -2 
Cell Arrays 5-1^ <~iyw> -3 

i J_jO Aja-ljJ 45=*^" (Fit) *JuUf *Ji"..~i Ji l Jlill J-j^i j^lp .*-j/£ c3jt flJbU-l 

.>\*ft\ 5JLJ ol;,.Ml ^. J 

£_ll aUu^l aJLJ SJj'VI oUL&l aJl* a^-jJ lu&r .JuT &J** c^lsJl J*ajiM j) 

(Polymarker) Ol*^ iO*y> 1.83 

(Dots) J»l — «Jj (Crosses) 4JU=»lj (Starts) f ja^l^ i jj"j i>* "j 1 ^ c^l/sUl 

* 
ijdjUi ^ ^Jb .4jUl oUJaAil (►-j t) fOAi-J Ulp ^(Pluses) asljil olO^j 

cjJ>-j iiJaJl «I* ^xJ t(Text Commands) ^j^di ^ jt J ajjy jy.j ^Ijla^I 



133 



J.I.I'. I.. '.IJHI.IJ.LI.il J Hi J.I I. I„|.' I I. I l .l .lll .'.|., l|. '.II: 



Computer Graphics d^j &% .qt/1) yfrjj 

polymarker fijnctioii) cjU^UI ao*^. ilb flJbs^l y> JA-l Oj£j .~>UjJt 

void gpolymarker (num-pt, points) 

Gintnum-pt; 

Gpt ♦points; 

iJ — P a »>-,*• ,y> SjLff- yjk points J»ViJl i-kjjai-l ^x^. ** JU-1 y, us* 

e- ~~ iASji^ii\ J ijai JS" jl^ UU- i^jLAi.J.1 L/>UJl *^j *i .num-pt \^AZ 

%J> c~J" d^l Ak-lji aJU-I i/Wl ^.j jjj^j j^j .WC ftU* £ tfUU-l OjSCi 

: (set marker type) "JLOUM 

void gset - marker-type (marker-type) 
Gint marker-type; 

.i^L«%Jl Jj^ar <$ ji>y marker-type OjS^ ii~>- 

.(marker scale-factor attribute) 4/5UI1 (►*«=>- ^-U J^U* 

(The Fill Area) *Jlt Ss-U* 2.8.3 
(Polygonal a .»).;■»» cyU-L»* ^ SjLp .j* *Jil ol^-L** GKS *>jfei* $ 

« l-M ' ^j jj jf -tl *liM i_~~o~ aj^" *-*** SK-I jj cf-^ 1 «-»ij" ^k-i -Areas) 

.(Edges) «^l »U-l (j— ; -kjjai-l j* ^Jai ajlsll .j-jjjJl J-*j! p. .(Vertices) 

*_;! «. sbi ji5 \Jufc ^ .sol*. ijJo- I^jJ OjfCd JjSlI ^Jb jf^i\ ^AJ\ J^ji 

JiU.1, dJJij J*liJ» ^ n +1 <d -t>^ iJbcuT J»UJI ^ n *J ^H" J^ 1"*Uc-Ij 
4_JL,>J\ «J^j* . JjSl» "4aiJ» 0^- ^ h*y d£i ^M- s ia *^ & **M ^ 

dJij £U* cs ^ ■** ( fl11 a 163 -) *J* * 3 " L - J ' r*^ r- 1 * 5 -* -eH 3 ^ >j^ r* J u ^- 

ia_«i. ^ Oj&l glall os»- J (Interior) "JbMi a^-L~* lA &t > fc-U* ot a-SldJ 

-uJu jf *J \\ fc-l— >b oijL" gjas-i -M^ -U-U- yb l?j^ "51 -»i J»>^ 

a^< J, JjV I OL^il =uLp (Fill Styles) «JU J^SLs-t jL^-l & .«W^ J^t, 

.27.3 jSLiJl .*Jil 
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Computer Graphics 



&&&®.<7Sb&*yj 





iajhsf- sJ*u> J»U« *L»> 27.3 JS^I 



<^r 



Jt 



J Jjj — ,aJl ^j—Jp L.T J^aJ-l ^Jai^i frj. oUL*. L-JbU-l jJ ^ .27.3 jSCsJt 
jl v^ — ld.1 A^J (V*—"' J') VsV ls^ 1 fcJUit* t>i*-Jl i^v { j£- ll-ii Sjj^aJl jl Ja— jil 

void gfill - area (num-pt, points) 
Gint num-pt; 
Gpt *points; 

.(j-jjj — K ,y num-pt ^J& ifj£ *iji^aj> jc- SjLp points -kliJl 0j& <i-?- 

:^» ftjil fc-LA aX b (Styles) otjl> jf Jl£at Juu^f vJ^- GKS '^J^ 

tHollow <~Jj£ -1 

cSoild Q-JjA jji) >W -2 

tHatch JL^ -3 

.Pattern J4a^ -4 

. 28.3 j£-iJl ^ <^> ■>* Jl^L&fy «Ji* 




* 





*JlH>.UL U*Ia Jl£if 28.3jSCill 
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Computer Graphics 



&$&%.<? jbo^SJ 



fcJ— A ^Ull jlJJl o^*" s.1^1 Ak-^ (Style) J^LiJV jt jl>Jl jL^I ^ 
ot ^-^V) OjUt jt ^U-l g-s^j j.isii 3^ .( se t fill area interior style) \)U 
(set fill area \J — U A^lw jl> ^j^ ^j" ^y aJL,^ («yt ^ j! f U 

.style index) 

Oj — L I *l ol»l>- jf ^-jjj APj*^ 5k-.lji 44^ 4jL^b 4ijai* S.J- £»ljil (5 

.(Raster-System) lJ £~—Zl\ £ JLl IaJsca J* y\ »JuU J-^-j J*Ja£ jl J.VT 

Oji-;j *J1.I A^-l— oliU- ^ ija-l^ (Hollow Fills) **j£ Ojt^} ^ Jj^aJ-l 

(Hatch 3 — ILi* ot*a — *i ^Ld» ^J-n..,; UjJ .(Random-Scan System) ^1 j>-i*il 

.yjlj-ijjl j^Jil oL-jJii* JLp Fills) 

l^^JT as-L-j jJjjSj ,y U £*~«j Mj (Arbitrary) K J^ Oj£j jL^-NI l *** t£j>-Sflj 

i4 — *— *j s-l^va?* 1 pA» A>-U*u« :LJ* jlfeJjl jul^ f\Jcfti^u\ tLil^ulj s.1 j^>- lAlsb-j s.l_ r *"» 
J— *jy it JLii-JJ j^S ■vJl iPHIGS ^•^*S' ct^j^l objjai* iJLjh .s-1y- J»jJa^ 

.ftjll A^-LJt SJW-lJI Jijadl ,yi <j j*f. s-Jl I i>-L~. iiU- «^ 

J_^b OjSL- bb iJL^. JjJ^ l j$JL d»jl» S-»^ iiUli» 

Jj a- 'aLJ? GKS ojti» fJbtu-j .«.Jll *-L~. ^jbi jt 

s.J ll Jb-\ «• jL^I jiiij isitJ . (Scao — Line) ^— ll 

.29.3 j£iJl J^l £ fc~ll 

JS' . Ja^ Ji«i Ja^- (Frame Buffer) ijj^aii 5jUd*^4 

Scan- - £ -ll -l**" — > l£"X h$j& Js>jM-l «A* ^ 

jL.jW-1 j5j:. ttjil 2b-L«* j>p jt«A\ Ja^ U«*J s.UjT . "Line 







Ni £-~A\ Ja^ lilW :^t>-^.) .ati» Jl Jj^»^ J^ tf^> ^AP y, .uliUH ^ JaiLl 
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Computer Graphics 



6*$ frfy.yjh d^Jj 



Ji .1 J Cx-a UT *Jil S^-L*. i^iL» JLoI t<J>o«Jl li* ,j-L.t JU^ .(aUl (f\> ^Lvail 

.^Ul J*wJl c) *Jll oUjjIj^ J-*>1* ^^ f>ii- .29.3 j£iJl 

(Cell Arrays) 4j^u>ji* 3.8 J 

^_jc J^Ij dl ^i .(Fill Pattern) <J* ^i j gij: 

JjVi 01 — -&l ll* tJyo .gcell-anay Aj^f &-*Ijj 

.30.3 j£sJI d 




U* LJji* 30.3 jSLiJl 






7t «v*U a4I ^ J jf 01 ;5Cj jl«x»JLI j^4 j* Sjli-I ii^iyflji /,* ^j*!' 01S" 

ol — Jl-A^l J «JiM A»ji<At u>i>r ^ j^jJIj .(Blaster- Like Primitive) (sS SLiJl 
^a_*j ^iDL-^A jl^-^-jI tGKS ^>i> i) ^}j^j\ ^Lit^ ^ ,« j* UT iWC 

Q»l hW< rty ij* fljili 0j& V -A3 (Vlj-JoJl £*»ll CjUjJai* .J-Jzdl (J} oLij»vaJl 
J — 5 -Li: .JlI JJ tf 44yvt oUaJai' t^L^-iJl oL.jjaJ.1 qa OjJLP Jj C/)LSLsJ jl 

o J — i .DC <^L_Jl ^-\ 3 .jti* Jl Jj_>3*=ll *Ljf (Ragged) i~li.j fc£> js. j^j 

-GKS oliJU; ^ jjiT J ULuli c~5 (l JLbM <_>y^» vW-Vl 

(Generalized Drawing Primitives) f Ull ^^11 SJjt OliLf 4.8.3 

:Udl aJUi J^ ^ f UJl ^Ji JjVl OL&I £• J_,Udl ^ 
void ggdp (num - pt, points, gdp - id, gdp-data) 

Ginl num-pt 
Gpt .points; 
Gint gdp-id; 
Gdp-data *gdp-data; 
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Computer Graphics (^foJ^.y/lJcAr^ 

.31.3 J^iJt ^ ^ r US' coy^lj 
>UWf 31.3 jSLiU J— 5 ' c -J ^ ' — c - .GKS A>jja> j;^ i3j«3 ^ -Ju 

c<\ ... » . U « ^3 . iaAa^Z gA>j, ^\ £. JU-i j* US' t jVgJ_l J^ jjUi^. j^ s-lj^^l 
•ggdp ai^\jj cjUL£J\ ^jlf -^ i Jap ^ Jjljtll *J^«1 $ '*$& ~<>js *Uoi-VJ 

0L_J>J\ £ l^»-- iLUi^j .gdp-id o<i>; j*j aJ (Ul ^JJ _^x, Jj\ OUT JS' 
Sjjvif AijjsJ points fcyLail J num-pt J=»ViJ^ -^ xxp j>t*H ^.Ji £ a^^ &fo 
O — * tTJ* J^- "** num-id=2 j SjJb num-id=l OjSo a* iJlAl J~- Jip .w^ 

^^JLfr ijswi tSj^J 5^-ill jS'y- tAJb-T - {f^aJi 3jx-U» SjJb <J«j«J £ki~i .Syb 
.Ja_J*l J^ UJ^aij OjSlwUJ jTy tiiJLii Jli. - i.Ul ti% J.I ^bsi ^jjjl L.I .U>u£ 

j i a?J L>jj^» ^j^ •*» gdp-data -i-A^U <_>y>il (Data Record) oVjLJ\ ju» Jj\ 

j— 5*£ i Jj-A-S' . ^ilii cyUj£ll a*-U£ JtS i£ja4 ^jl** tS^ jt t Jj^l jL$Jl o>W> 

Qjl . .g./» jl -Wj ,. .}aiU iJtiC CjLL<£> ^ AaA\ p-*Ji (-k^ C>L^I o»li*» jjLp J^^ai-l 

-» jijj 2LJU-I -kjJsiJ-l a JLjo oIjw» ajJtJlII ^ Jbtx-J Jl5 t Jlill J^ u Ap .s.Jil i>-L** 

Sjoi JLa> UjS'^ SjSb juji^ ^j: .aJWoJl 1^>-L~. >IL «.Jll i>-L»v* oli^j Ui*^ 

:L^ cjyjW* 1 *)*— ^ji J^^J l*jjas u-*v»j «-• J-/> jH 

static Gpt circle -data [] = {{0.,0.}> {0. ,1.}} 
ggdp (2, circle - data, CIRCLE- ID, NULL); 

(A Self- Scaling Plotter) &&) gltf ^Ui fW (> 93 

j_^ iJL_«l JL^-tj ^>tiA ps JllJlH f^-. .^jodl ^li (jL; ^tj) 5ib ^^Ji f ji 
s py j— ^ .xy-data iK-Jji UJJ jU^. Kyv t> ^ j^ 0^" mum-pt J*UJt 



138 



J.I.I'. I.. '.IJHI.IJ.LI.il J Hi J.I I. I„|.' I I. I l .l .lll .'.|., l|. '.II: 



Computer Graphics 'jfrfyfr'ty ^C/jty G^Jj 

(Strings Or Character Arrays) jy—>)\ ol — iy*a> j\ iLJUl « Ji* Jl SjLi^l 
*_JjJl ad_* ^ JjlaJi ^ ^ oil . J^dl J* title j y-lable, x-lable ik-ij, 

: JUl ^UjJl 5i*— »jj 

Gint num- pt; 

Gpt xy-data {NUM- POINTS}; 

Gchar *x-label, *y-label,*title; 



plot (num-pt, xy-data, x-label, y-label, title); 

jli I — A^J djSL, of ^ ( Oil .^UUI ^J ^p >J| ^ t^ij ^^Ji 3i^i_ 
Xjj-^ll ^l — ivJl ^ f |j*=*.i j ^j \x.) .(Self-Scaling) tr ~idl jt ^jdi 
tpUJl jj£\ b\j* ^ **ry ^Cf Olj ilijS> ^Lai JL5 Uasll ii^ 0^/ tt ydl 

.jj£\ LU jIj^.1 Jb- OjC ii~£ (y-axis) 

u-^ J* 3 "JJ^J <tf <j* "*** i5ji v j jJV JSCiu ^l^l jLjtl JjUi 45 Uil 

.jjUwJJ -Ujjas-j OjIjLJU Sfjost- AJUl. 

j^I j A-lj (Maximum) ^Vl aJ-i ji4 01 L> t JJaAil g^- J^i ^ 

f j__fti t^JJl bounds ^a* t\j*\ L,oJ of ,>>*; Lpj . J,UJ| oUU (Minimum) 
.3ja~o ^yi U» 4,bT 0j£f .oUUJ ^Ij ^ty JJ-I ^5 SiU^ M\, 
^k— J dl-Uli tfinish *1£>U ^j hut jl^JJ u» a^f ^i^i l~T oij j_* 
J (Pseudecode) ;>=_-ll ^IjL.-JI Ljl^l ^^^^ oil iU£* .U* i.^.-t 

:4JUl cL.ljJUi-1 

plot (num-pt, data, xlabel, ylabel, title) 

Gint num-pt; 

Gpt data [ ]; 

Gchar *xlabel, *ylabel, .title; 

{ 
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Computer Graphics 



&$&*$. c/jtyc^sj 



inil (....); 

bounds (....); 

set-up - normalization- transforms (....); 

draw- axes (....); 

plot-data(....); 

draw-labels- and - title (....); 

tinish( ); 



} 



Aij\^\ &%y*A\ >\M>\ 1.9.3 
(Setting up the Normalization Transformation) 

fjiL-*- . Ji—JljiJij CJ< «!3UJ j^Jj ottJl -Ua^A VA*»-f C<jdij4 f^AX-J 0>y 

(.-i t i L-H CjLiI "v«j JslaJl MP ^ Mai~* ciyujUl 4»-L-* ^jJH g Jajasill JjU* (j-^i 

t | .its ;) 1 J> 3 ijUail ij_^l Suljij SiiUJl oMy <rb£ (/jW** Jij^ J*" 

. ymax, ymin, xmax, xmin tf — *j ^ *~jt »-^k bounds *\j*-y fjk -NDC 

lyl jJl oLjW! (x^, y mffi J (Xmin, ymin) ■ tliJ1 J^ 

j .)»:■; ^JUI JJtf— JJ jj^il U*ll ajjljJlj jUJU ^LlJI 

JjlaiJil Ijl» ^jl. .(Data Points) oUUl J»li ^ 4-» 

ot-JlJt C5JL-. j\ (Bounding Box) J — >M j&\ U 

. 32.3 jSCdJl J ji-. US' ^(Extent of Data) 




>uui >fc 32.3 J5LiJi 



Glim window 1; 
windowl. xl = xmin; 
windowl .yl = ymin; 
windowl .x2 — xmax; 
windowl .y2 = ymax; 
gset - win (l,&windowl); 
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Computer Graphics 



dMdfrty.&jfycA'SJ 



- S"j Olj^JJj oU^jJI *S ^ JbJi^ Js- JUatw. jljiJl IJL* .NDC *W*i <JJ cjULJI 

3 — JUL 5 j*J\ j*- 5 *^ J*^; f j£** ■ j j-*_^ *^t?- OjSw- 

L u.b« ob-lw J lijTj> JjLij t<iliJl p*v ,y 

NDC *L^*i j . tflib 10 l^j? .A? .a^jUJl J^ 

J-SliL 10 j x-jj£ i/>4»J V-J^. J*-*^ 1 ^ V- **^* 

fJ p q* ,jt i rf IJLa ty~jj^- !Ol*J i~jL> Sj»- UyaiA 

-33.3 j£iM J u^ L*^ -u^Jl £• cjUUI J^Uj" 



1! 

■a 
.3 

1 


TtileArea 


Plot Area 


x Label Area 






L-JjjJ 0j& d~»- »/- JLiJai. NDC *W*4 i) <£jJUJl s-jJrl j. tflib 10 \^J ji 

:(JLi L»5"j ob'Li) A^L> 4jJj JjIjj (Jtjyu k^r. 0^1 .Oljidl /W> jJ 3J15' te-L±* 

Glimviewportl; 
viewport!. xl= 0.1; 
viewportl.yl=0.1; 
viewportl.x2= 1.0; 
viewport! .y2 = 0.9; 
gset - vp (1, &viewportl); 

■^ — II Li>U ?.jJl j. (^1 dial Lrpljal^b IJU cWC pU«» J <►*»• CS^ jffc <l»f ^£. 

f U*s .1 j* oVU-l .-i* Jil pSiU.1 jL^Vl OjZi .*l£iil j. ^1 |JL_A ^J>j 

S>\ — kJL 4_ij5i» (Unit Square) SJ—j-j ^j* 4jJL_sL - OjSj «±-o- t£ jL*Ll Jij*dl 
5 — *" </ j') j*> t.^' oU ^' 1 r 3j& jW^-VI IJla £. .(1.0,1.0) j (0.0 , 0.0) 

L*r ij^aJi jr ^jai^ ^i of u. iSOsUi jUof j, ^^ ^ ^ ^u. (^.ju* 

0^-5j Oil .NDC cLiu JT J-JJ VLil a^Jj ilj, 0j& IJJ c 33.3 jSLiJl £ Ob> 
.(0) ^Ull Ji,^ ^.IjaVl JiJJt U* fjj Lji^j f ^\ ^J\ tyjij iiiUl 



141 



J.I.I'. I.. '.IJHI.IJ.LI.il J Hi J.I I. I„|.' I I. I l .l .lll .'.|., l|. '.II: 



Computer Graphics ^^^ \S^frty.C//ty)GA , 'JJ 

(Xnun, y max ) ^ «J' J"^ -y IjL- 0=~l_) i»^L* aJU^T jjUM p -j j-Slc. 

.^^5Jl oa* d^l (data) oUUl ^\j f u^i ^ .( XinsDb ymin) j (Xmin5 ymin) 

gpolyline (num - pt, data); 

.jjUM £. JLU y» US' 

4 — ;l jS'ii etuis' .gsel-nonn-tran ^j=*-y aU-U. ojL^i l j^ & JJl (0) i^jUli 
jj* — ^ ^ — -j J — :» 1 Jij^ 1 j 1 —-^' gsel -nonn-tran fiJb^-l LJlp -joo OIS" 

j oij — ^Jij x-j_j^i i»^p iJl-,^ «-jj- Njt dUJJ tui-Ji <ii ji-Ji o" y jW 1 

dl — LiS"j .(alignment) ^^Jl O^jj jyj\ f*>- ^ uj^»*» <■--?• ,c«~j -^ty 

f ^ £ 

* :*=- 0j£> oti IjljS lU£t LijSO »JaJ.4jjlJail AplJaJl j ^j *ilkj j£i jL&M «J<* -■ 

gset-char-ht (0.05); 

* * * » 

I <o I jij— pj Liil j^»jJl 4JLJL. jS'y jL&=-lj tJu^jJl i«^£. ?LiJl GKS **ji*i* 

static Gtext-align center = {GCENTER-HOR, GHALF-VERT}; 
gset- text-align (&center); 

.gset-fontprec : Ai**»lj* ^l^aVI JjJ-Ji j&* y **LjsJl jj\> pili» s-lisl ^ 
jIp^I jTj* «.UaPii liilij gtext fl J^i-lj Dlj^Jlj x - jjs^ *-0^ «W»i fjif...'. 0^1 

:WC J (Allocated Boxes) *^^J.l 

text - loc . x= 0.5; 
text - loc .y = 0.05 ; 
gtext (&text - loc, xlabel ); 
text — loc. x = 0.5; 
text - loc. y = 0.95; 
gtext ( &textloc, title); 
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Computer Graphics 



dWdxty.yybc^yj 



p£ .y - J} £ z\mA J* ^\ jU, c--s. viUij y - jjf- OI>p aJyy fyi 

* * 

£.&■ laJ LL-*. (ju^jjdl c-~JJ f jlSJ .jL-JJ Ijyi* (text lip vector) JLpI ^ **** 

char - up. x = -1.0; 

char - up .y = 0.0; 

gset — charup (&charup); 

text- loc .x = 0.05; 

text -loc.y = 0.5; 

gtext (&textloc, ylabe ( ); 

Jc>-j i US' ^Ul Jajaall ^j5j f .Ail 

-34.3 J5LsJl t) {f-> y.j 

^*xl 7y«v» Jajaaxil ill «> ,3Ja~-Jl CjULJU 

J—*»i Upo c(Flashier) IjjU-Jj lij^Ji ,y 5U5 




^Ul p—l j« oUys 34.3jSLsJl 



•gset-line-colr-ind SJlJJl 3ja—l_jj ijM-l ^J^> <l>l_yJt j!-« f ^j - colr-rep 
jj 1 ^' On js*=U gset - line-width *JUJl J}U- ^ «0aJ* -kjj»i > <a*l« *Jbti~j -2 

CM C ^' ^^ ^- fj* -alkali OUUI ^Jfljj Jl (x^, y^ j y mftl ) 
•set-fill-style-ind aJuJlj gset-fill-int-style ^llaJl J5U ^ v^jlWl JsUJI 
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Computer Graphics 



tWbd-tb-vjti) cfiryj 



jL-^l >. a^V> e iu-Jl ^Ji ^.lijJU gsUl Jajo^l ow 35.3 JS^l 

.C j~lll J a^^. Dun ^ fti^i » JUL J^l£Jl g-UjJl .o^Uusl! *Ju». 





/" 


Title ~\ 




'. \ 




l\ 




i \ 




i \ 




i » 


i 




j 


^ 


>. 


1 1 / "> 




, / v. / N 

V 


V 


x Label / 




^ 





103 



.iU^g-iy 35jjSLi» 



'.(Metafiles) 

oil — « jjfr oJL^ju 4Jb>vill tTjliLJJ Uiu«lji IjJy ^ 
jj_Sj 01 dJUL^ ^Jt.-.j 21>-JlI a Jjfc J .5- _j^_jUj 

4_JbJll ol ilil U >jJ c Oil lj£* .Uij, ^^ jjfc Oj£i Ji g; JJl ^T J,: . 

ldl>. £) 4^1^ ojk- -j*^ U*b».| :ort> «i^>-i- .<-3tJUkVl oJl* j^i^ *i> 
.AikAil oUj-jJl oL.^ <jy JUTifi U ^ qJ\ jjk t^j^Vlj (GKS <*£** 

u" x J U u j" °J^ ^j: '*>& $ ^=jW» £-UH _*>; ^ lui> c,;.^ 

^L-ljJl la » f U*s-L fjSj C £U» ^ ,y- jf ^Uj^J\ Sj^f ^ ^ Sb*U,l 

g-Skll 0lT lil i l-jjL^I I i* J** of ^ .cA.^^1 ^L.^ Jij £ U iJa-ljT 

Ja ;»jj C *— J f*_r> ajAJ 0j£,j iUit oL.^,^1 A-jki* ^ Uaa=«* LwtUjJ 

a_il^L . ki* JT *,al ^ jl Uj j^J .GKS 0^^.(0 Language Binding) *il 
^— ^- -Jo 1, £^ U ^ Js«-^j Recompile) ^jr oUb <^lil a«^,l ilL* Oj^J V Ji 
«- i — * a* *'^ J^ 1 s-^ji ■*» j^ oU^ *ij*j, j£- Jaij i^,-^. ^L-u^^t OjSj 
j>Jil GKS lJL. Oli <GKS ojfei. f oa^, JUi^li oiS" lil ,<i> 3 jo £ ^WjaIi 
U yf- {ft. *i^ GKS ^>^ oWjii S^ljSj o j^ ^ ajl^ XL}> j^ (GKSM) 
cjL. J-ff (COM) oU^-Jl j^Ul jJli y^ liSj Ji\ 4^UJ ^j .1*1* _,T JL. J 
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Computtf Graphics 



&$fr*b -aAjQfryj 



(The GKS Metafile) GKS fcjfa-. J«i* <_il* 1.103 
.^ U. « Ju» J**Jl iia^ f j£ «i*>- .(output-only wokstation) J"» ^'j^ ^ 

.gks ^>> t) ajjf ouur ^jj ^ijS/i pii-j -l 

.(Segments) *lj*- jN (4=«j ~2 
.IfiALi «k- £—• J*p at# ^ tJ^j a» -4 

j li* jf ijJi JjJlws L»jUpI j* GKS J*P 4»^ 4_~w»L* y*JkU* g-ij*ji' 



.(Parameters) l_2L«A«-»j GKS 5 *jki* Jlja a^Ujli Oj& <^il» (Black Box) 

jj. P if/^ JaJL-j ^P CJliUj GKS J'jJ 4*Ai> «JL* J«jJl Sjast j^ jSoT. ti)il 

j P JjLp J»Jil GKS i_il* 0j5o IJJ .i^U-^l ,^-iJ g-til f- UaiJll J* J £-UjJl 

. j»Jll .jlll j£-* ^ji 36.3 J^sJl 



header 


item 


item 




item 


end 





j=Jil ^jJil v-O 36.3 J&Jl 

iJLj» jUij ASCII !>a Jl (Binary) yiLl ^ jmW Jill 5i-*» o jLtf oS 

jf Oj — -iJI j • aAp ^ «_Alil IJL* j£i . l^s-j-So fjij V <-ij— ^1 JLAdl LUii 

Jj-*- oLij^Lm (Header Items) 5 jl juJI jf ^aill oljii t^jai . (Items) c^ljiiJl 

3 — 'j** i) (Terminator Item) frUl »_,«» jj*- j </j j>*lt ^« jiC . -ci*^ j iJJll 

.(37.3 jSLiJl ^ Cte- US') ^^f cj\jZh o^y L^i . j^Jil t.illl l,li 
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Computer Graphics (ffij) &*$„$/ jfy c/^yj 



item type 


Data length 


Data 



j*Jil ,_AUl _,*>bp 37.3 JS^Jl 
. J— **JI 3 — Jast \jt.\j UT GKS a->i- J *Jb Ji£ ^l^iill «Jia ^ S> JT j 

.Sjl "dl otiLj l**^ J nijl Aijut Oj£j SJUJl 

.J— ~Jl 4 last Uljj UT ^l^l JljjJ 2T,. ^ j»Ji.t GKS «_ii* t£j^ 0» 

j — «j 4 — 1 n^i^. ii~>- .^Ij^"^ jaJL. (JiL» Jl ULi-« L^-jJ Oj^i J~* ^^ £^j 

AJb- t> JsJLil ,_illl OjSL HUj tdN* .J**- *Ja^ t£» «> JlA-1 j> US' tl ^ija^- <J>ij~ 

t(4 IU» 4JU ^ OlS' 01) fr&\ ._Alli 1.1* Jl vjJs oU-jAil £*- OjSO l^JaJ 

g; J II JUl £,UjJ\ jLa>^l >J J^tJ .^-LJjJt gS jt j# j~JAl GKS ^ ty 

:(Clear Workstation) J— Jl 4*^ iiLi £■— *H* ^ f jas-J 
init( ) 

gpolyline ( ); 

g clear-ws (METAFILE); 

finish( ); 
(Metafile o—^JLi.1 ^Jl-JII J— »p 3^ (Deactivated) al*-l fi 01 J-* Nb- 
c ^ J gclear- ws Ajx-f f**^ 'finish *JUII *k-*U. <ftUl) Workstation) 

cj-^Jll o. 111 jli> p_ Uup . <_ilU U» J J»>iLl >^ *M* 5jJ_^t aJjS/l 

c > -■ Jb'Jbu . W OlT U^- *J l*^p f ^11 aJ/fl ^L&t ^ «W^ o^n 

~ ^ .a Cj _^ (Metafile Input Workstation) J-^ «- iL ' J Ui i J**" ^ 

,J ,.li ^j^illiji iiU* Wj <? tfiM c3^» ^> ^ «y ^ ^^ l 
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Computer Graphics 



&&>&$. yj^&jj 



(Interpreting a GKS Metafile) &*&\ GKS cAU izj 2.10 3 

_Ul f- j j* 0>& ^Jl J** '&*■ £jk liifcj J^ 1 GKS «J*L« Sfrlji ^yi 



J «* jl .j^Jil ,Jdil t) ol>iJl *M~ f j* j (Metafile Input) J^i^l j^ill 

l__lily Oj— £> 4_jjL^I GKS J *■*> *!** J^ o* >j=* J^-^ J*JU <J>JL. 

J jL_ji1 *_^U oW^l JS £b* uiJUi £• . J**JI *J*£ U^i- £. (Compatible) 

CjWj =r^l" .0*)Ujdl tf I JbJbr £** U^lj* j-^5^ (j* UV cj^l ^jJil cul^Si 

(get item type from GKSM) GKSM -y 1 s >^ £j J* J*""- 1 -1 
void gget - item- type (ws-id, itme -type, item - data-length) 

(read item from GKSM) GKSM j* SyLtfUlyl -2 
void gread - item (ws-id, max-item-data-length, item-data) 

(interpret item) ijuW p»j -3 

void {interpret- item( item-type, item-length, item-data) 

Gintws_id; 

Gint*iten»-type; 

Gint •item- iata - length; 

Gint item- le»qth; 

Gi.-t max - Hsu .'data - length; 

Grtem-data*item data; 



Input 
metafile 



Item 



Get item 



I 



Iten type 



Read item 



Item data 



Interpret 



T 



Primitive 



Output 
workstation 



GKS J.J1I ^ilil i*.j 38.3 jCill 



.rtjii Ja-t Jl lj^ pointer) 

!— =*1*J gget-item-type ^jpr^t ^Jbtu-lj ^ 
(Data a— Jl:Uj jl_J Jj — L> y> s^i ti* * l. 
I — ibj* Oj^i Jii oUUl jl» tdiJj i>.^ .Record) 
^J J"* 8 - 3 -^ 'J^ J^ t> .SyiiJl £j3 .j-iJ 

j-—^ jjTf 5^U Ji ^ j\iil ^ £y)| ^ 

■j— «H til l s^i *^*5J p^t «_ilil JJi .tfULj JL2J 
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Computer Graphics <j^ fr*ty - q/jty c/*yj 

J 4_JUl ij iijl Jl Jiui J o -L»tL-J Of L.I li£c. tS^iiJl £^J _ya>^ JLxj .*JUl 

_j — Ip la — »*w ol — JLj s-^"^ i3 ^IJjJl Jl ^ULi SaUl *jj S^ii o^ly a^- ..jiil 
_«> — JjJl 4Ja u\j, f\ ■wtu-^U Sjjji. oULJl oJL* 0j& «i-?- .item- data j-Wl 

aJl*ill J^JI <^U*£ ^ Js- tctf-jj j^Ul UiU ^ ijM Je J^J-I ^>-...-, 
-K> — J^ *■*»=■» ^* U^ f ^ »>^ cJl^ ^J .ginterpret-item sl^V 1 J^ 1 0* 
ij — *j C'j 9 ^ ^^ J*^ 1 ol ^ a:St £^ ^ ^J^ 1 ^^"^ j«kr-* 'U^^V ^Jj*J 
L^iill _j1p _,t Oi gv^ji fj**" ».! tl«i£* -jrlj^i J** ^i*^ 1 J1j«» 0*^* «-*k *£^ \-fr*^ 

a ISl, ,_j?xll.l iJJil T^i 01 p>lij>U _y>j:. jl .;_,ij JS* .* J*i-* lit. jjij j=*ail 

..li l*T j-^-j JiJi*jj ti,uJ\ jup 
/ * After Opening Metafile */ 

gget- item-type (META-IN, item-type, item - data- length) 
while (* item- type ! =» END- METAFILE) 

{ 

gread - item (META-IN, MAX- LENGTH, item - data) 
ginterpret - item (item- type, item —length, item — data) 
gget-item- type (META-IN, item- type, item - data- length) 

} 

/ * Continue*/ 

(Building *' 4 oLb>-j J^««J <lS»Jil tulilil ^|Jb^—l * ]f ...i t<ijiall «Jj^j 

.fUl olJb-j aJjJ (_j *a=*iJ.I j^lJjJl ^ Ok*** OjSi /^Jl 5-iJaJl ^IjjU Blocks) 

(The Computer- Graphics Metafile) <~>jJl& c*U_hjB J*^ t-*k 310-3 
^ Oil cGKS J £.lij. JLa yt ^5 j* 5jW* J-W GKS <-il* 0j& \Ju 
t_j ^j, L. UIp .GKS Ju _^ J_^- a»j" *J J**l* "Jd* r*j^» ^J^ ^ t^JJr^ 1 
.f^LA^I J»— ^ a-pyll Jl* gV4 jU* til ^"^j^ J^ Ja *» ci^ 1 * «-^ f»J*=-» 
>_Ar ...U ^Ujj U-l*. £ SjjJisi cjIjJI* lAj 4il<JI 5JU 0j5j 05 «J«*-V» a i* Jl* 
^. - jl^Jrl IJia Jt. tdJJi __* .GKS Ji* i^^ oU rJ ojk^- fa^^-o cs JJl 
Jl_. J_S* SiU .cyUjJadl <&** $ {-&^ ^}j^ ^J <^>^ *Jj i> ! J iU 
JLJuUj ij— ij> M«- ^.j (Offline) i->j-UU _^ *U*^ Sjj^i J—: Sj^^ 1 
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Computer Graphics d&j) &% , <?L/^ q/^JJ 

.GKSa-j^ 

J— *JL« ,Jl_JL. i±j|Jb»«z — -I jf -wJ .SjjJtl lili^j iJj^l oUL&b i»Jl3 nlJUi Jli. 
j£-* Oj-C. .oL.jUl IJLa •jjjssJ vy **J>^ [CGM86] <_> j- 1 ^ J ob.j~.JU 
■ ^>j — ^ l t^j^j *Mj **-& t£j£ vi-»- J>Jii GKS eiU Jl Ubi* j>Jil <_«!il 
01 £_^ . GKS *_ >>ii sUjty obb&l ^ 4jy- jiTT l <; «.^7, ^J| olyiiJl 0j& 

■GKSM — ) £S« £*b^j 4J^*i Jji ^ J*J -1="* Sj^aJl <Jw»j j»jj CGM 

^ — II obyj! ^ ^ jj Gu4 .(Portability) Uidl 4 U^ j^i\ jTLill 

:Jlill J^ ^ip . oUj-jJI oUjLu. jjii i£jA oL.JL»-. Jas 01 ob.j~.JI >- 
— "^ ■** t ( J Si ^ CAD ^ilijj ijbu-ljj LSLil£~« ftljsj ,■-■/»*; b*5 jl -1 

-(Tolerances) £j»~Al ojbidlj jljll Ji* oUJ** »-— ^tJI 
jv»l — ~Jl p — J j^-wdl j^ai oi 4jb^3l jjjj oJl -j,^; Uli. t) duos' -2 

.(Part Numbers) *lj*-Vl flsjj 
li _l* t\_ r ^>- o~J //50 t JjLiU lija ^Ip ^^ jf ( ^ui ! oULJl aJLpls -3 
(Initial i-j.Atf-Jl oUj—JI JiL_J tf — .Li jl .ob.j~.JI 0L.JU* 
ai_j> o_^>-f j__* [ IGES86] Graphics Exchange Standard - IGES) 

±^ ] J* ~*ji£ : Ua-2J^ VU £yJ\ oL~.UJl eJL* oU»^-.l 01 .oL-Lill 
J. Si v-LS oL l, j^i^ j| \ Sa _\ 3 _ 3 ^.o-^i oli-klJ jjall jjkJl 
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^SS^rSH^ &**%*#><*>» 



"■• - •■ .-« ■■ • . -^ 

o^—s; »mi Cji , .j^j, ^ ^^ ^ ^ ^ ^^.^ GKS .^ 1 3 

•NDC Jl WC *U* ^ JUa^l Jup IijUx. pJUdl 
JL-S*) S^l ^1 ^ fj^s-j yi^l ^jjj jy^ ^ ^.^ olij:k j, 2 3 
tfl jt JliU Lii V^W .Sj^, ^j^J 5^ i Jy ^ (oliiCj « UjUu dlli > 
tzAtS^i s^Tl . a^m (symbols) j^i ^ a*^* ju^- ^ ^ juj ^T Jit. 
f — **- <$ r^ 11 J** 1 -GKS v^ ^ aJjf oult r Ub^.u j^jh 4 jl» jj^j 



l^L cjUalaSt j Bar Charts - 5--^ oUaksi t Ji*) okLJl ^yJ k-w J> -2 

.(Pie Charts - 
tjjSvJ 01 <> ^j .SL&wJLJl c^Lij^-jJ oWjse\ 4~Sv« ti»JL>^-l tGKS '**}&■* A^^h 4.3 

(place (x,y)) «Li>JLJJ h\jJ\ £jj> jl$£ - 1 

forward (distance) f l»ty Jl -2 

right (angle) cfc-Jl Jl -3 

left (angle) jUJlJI -4 

pen (up - down) Ji-ty ji J^Sfl Jl plaft dJ^ -5 

tli ijfi- Jjl £ (£.\ H ^j»rl s.b>JH-.l *-• JArS < _i i S' ? 4~»li<» 5i»U jLtoi\ dJU^c iJuT 
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Computet Graphics 



dM&frrt&.ajfycfi'yj 




lJ -\—£xl\ J b=- £tf iifi± Jls 4.3 {j>j*A iilst UjJaS' 5.3 

^ oLbJ — mJI *. Jjj ~£ La (Reflecting Turtle) «ti»JL- \i 

.39.3 J-Cill ^ cut* ^ *«T> J 

J—Sl ^ ^ylJJ SjjJ.1 fljj Ojl oti^Jl IjJbrj (j-bll Jilt. 6.3 

;u~lji 39.3 .!£ji oU — j ^j ^. ^^ #GKS ^^ ^ *,^ ^l^i 

-GKS Ojjoi^ cylc'/fl £• tau» tl*JLid Ol*ly*l v_-jTl jf ^j C^aJl 
j — • j — ^t* J € VtyL*** ^ ^yu C-Ja^l viAil t/'jSil 7.3 

I *S" y = f (x) aJLMjfcll *JUll Jik-lji -lL^j if ^>c^ jIju^I 

'.' 40.3 JSCiJl J o^ 

^Mjk jU> ^i 40.3 jiiH £*' — 'j* f — *■*"' *GKS l*_jJ*i*-ii»U*?- _>' jfflj' (ftXsyi«il • 8.3 

£»' — JjJl .(Desk Tpp^^A^ii*^^ j^b^i^t^ jJUi i»i«j 

3_pL> ijjj-^- ^1 — db pi j ASCII «>A £ ytjfj jj^ J^i (-"^ LA ^ ^ 

j^ll {-Lw^L ^ij ASCII o5Ux. l> »4» >j^l £*>j dJL$U .c;l*.j*~r (typeset) 

.(\v space (vert-space) jt \font (font-num) nilli Jli. ^.tj!*i (Prefix) toL^ / 

dJUS Jit. ijijaj.1 jt JLJjJI juUill fjb<u-j 9.3 
fKa + b)' r (b'+c) 

J\ j*,-* L_u$U . NOT (') , OR (+) , AND (.) : ^ *~>U oLL* ir& f aA^.» 
g*\ — \y w ■_^s1 .41.3 J^LiJl g ct~* IS (gates oUI^j jt ) jy)\ fljuw-lj ^Jjj jjjj 

.JJa2ft jl Jxif A^pyu rjh) ( jfc' -» Jh" t£' Ja'-li 




zzB ■** h^D rt a - ^ 0- a ' 

NOT 



OR 



AND 



:^3 




(*H>) '. (b'+c) 



MJ^jj-j 41.3 jSliSl 
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Computer Graphics 



&Q&®. vSVx^yj 



"j y c^-J' !■** J*jA «3>Jl <^-M .L* jJa- iJl^J z = f (x,y) ibbdl 10.3 




j — p Sjl f* j* j jz&i\ .(contours) cs\jjz£M ji 3*l*il cjLi?»JlI ^ aLJL. 

i-JiUll oJ » 0j& IJaJ .Silill Zf-iJ *JiUl j£4 (^JJ» y,x p*2J jli- jV^ 

J — & aLUil z *J *pj**? jJjJ tSCJti c5jaJl t54s-i OjSj ((Implicit) *^*» 

^constant J . 3^ i^. a5^ J^ y^c ^i ^ ^ j j 

.42.3 j£ — iJ» J ^ — ~» UT 4 L^U- *s-y>£ 

,jy jj>Jj alb** Z I *•«-» (li^* J j^>3 <^*JIj 

^— J*- (Interpolate) Ju£: »l LiCc,- z^Zi 

.jj -<JI ^ Lp 4»i *\£y UiLl a*L- iloi.1 

o,^ u* 423 JCJI f jlj^j, ^_^ g^sUi jj^ rji _ ^^ ^£\ 

t(i Jiliil oL^.J.1) oljjZ&l i^-JjiJ ■i'jiaj'-l ■*•**-« AJj^J f_j*L f ,yj (X,y) 

Ja .£—1-1 J** «-io»u J}^ ^r* -kjJajl-1 ^Jjii* £J^*J J^ 1,1 "-JWj*% f J 5 * O^ H-3 
jj ia4 lit. ?~-Al Jajk^ J} Sjli^l ^Lai V «i*£ <Juj*dl IJU p-*«l dJbSo: 

■tA> J^ Cj* Cr~* Ja3t >" 
k i__«*Jl r-3j — c (£1*1 Lf> ^sJ f.Jil *>-L~i liij«J 01 12.3 

J^W *J Ll JU-L-w U*j* li^c oi^ .43.3 J^Jl JLpI J Oi^ 1 

jWAL j£- AW Ji-f J^UT^ i*»Jt g.iy JLp J^ >i-£ 

.43.3 

J<— ijl) pjll a^-LJl 3Jjf oULT JIpj** AiUbJ (? JJl 13.3 
-u_i>? f jl_J .oUj -JI oL.>- j* JjJuJl Jt (44.3 

»— dl ^J, 43.3 JS^» Jj.Lji ^ju JTj . JaliJl pflji Ji jsil Ia^.Up i*5U «]L-»jj 

^.1 L JjVl 01_-^)I ja Jj^l OL^l 11* pb, {fc. J* .»J^ 4^-L^ oyj-i fJ S 
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Computer Graphics 



d&Qddd.c/SVic/^yj 




»l £\> oJjOp- jLx*-b dJUij U 5*-L-i J^loJl JljJJ- aijjaj j^T (JiJjjJ iiU* 14.3 

1-1 — » .a£>J Jjh . U_,L~» »l^l q£_ [ Js- oj><~* "J^-I "Jl" tjujjuj capLJI c-jyu^ 

i( XjJ» SjiUI) cuULJl ^ alsU hjL**' jjji f jii L.JL* i^Lo-^t ^ jjiS' ^ 15.3 
.45.3 J^iJl J US' 5JUI (Cascade Plat) ^1^2*11 <y iUL-T l^»y> ^ 

JpLJU j-^ K Jjt w — U JjVl ouJl £js4 
-bl_5J Cj —a K J^ ^lill iJwJl ifj&.j oUUl 




iLSUi. oil-,-, 45.3 j£i)l 
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Computer Graphics (3^ d*ty „<?j$) cfoyj 
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Computer Graphics &%&&!) . <yjtyd^JJ 



(Interactive Graphics) *±s\ju+ yzL*j**) 



% 



Introduction 

Programming With Interaction J*l* « *Aj> 1 .4 

A Shape - Layout Program Jl£ity Ja^ ^U y. 2.4 

Choosing Windows And Viewports l>jj oI^Ijjj oilji jL2*l 1.2.4 

The Shape Menu Jl£ity jt&=-l l~'l* 2.2.4 

Defining Objects ijjfcJ.1 s-L-iVl <_*ij«" 3.4 

Segments ^ti 1.3.4 

Segments And Program Flow (g&j}\ jku) oU-Jlj ^JaS 2.3.4 

Buffering (gKr-) lM 0*/ 3.3.4 

Segment Attributes *JaiU Sj^Jil oli*aJl 4.4 

Visibility Vjj J 1 Q^J 1-4-4 

Priority «s*~<«l 2.4.4 

Other Attributes i£j*$ ij£ oW> 3.4.4 

Input Juyyi 5.4 

Logical Versus Physical Input ^^~ J»l*» ^afe^ d^l 1 .5.4 

Logical Input Classes JL^-j^U ijijadl oliiJl 2.5.4 

Measure And Trigger r-^J u"^* 3 .5.4 

Input Modes Jb=o^l ilif 4.5.4 
Prompt, Echo, And Status Feedback (iJU-lj ^juJI t eJ-l) vrjdi Sj,-> ijij 5.5.4 

Programming Input Jl^i^l *^y 6.5.4 

Physical Input Devices U-iJ-l Ju^l Sj$*-I 6.4 

The Keyboard ^JUll fc- jl 1 .6.4 

The Lightpen ^J^aJI (JLtfl 2.6.4 

The Joystick p£*d\ L#e 3.6.4 
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Computer Graphics 



£%&&) - qyjfy<y\ryj 



The Trackball And Mouse 

Data Tablets 

Graphical Devices 

Dragging 

The Pick 

Using The Return Status 

Pick Identifier 

Setting Up The Menus 

The Control Loop 

Mode Selection And Initialization 

General Program Flow 

The Locator 

Request Locator 

Inverting The Coordinate Transformations 

Entering The Data 

Device Initialization 

Sting Input 

Using an Inquiry 

Pausing During Execution 

Completing The Layout Program 

Event-Driven Input 

The User Interlace 

Menus 

Icons 

User Feedback 

User Aids 

Layout 

Colors 

The Burden Of Interaction 

Exercises 



jUJlj jL-ll 1/ 4.6.4 

ti.UUl o.U-jJ 5.6.4 

oUj~.jJ| aj#*\ 6.6.4 

(>l j\) ,^-Jl 7.6.4 

±>\ZN\ 7.4 
iiUll *JU-l f uu«-l 1.7.4 

JbLfcM .JuyJ yj 2.1 A 

jL^NI (m'Ijs doe} 3.7.4 

niC^ill Jjji 4.7.4 

frJUlJ ilJLP^lj .kjl jL^I 5.7.4 

«UjdJ \A& ijL~il 6.7.4 

jijil jJi# 8.4 
^JJJl ^ij, 3As= 1.8.4 

v'lJ^V «=#* J 8 * 5 " .j-5^ 2.8.4 

culiLJl Jb^l 3.8.4 

jl^Jrl jl*x 4.8.4 

jj'J 1 ^ < -»" fl J^I 9.4 
f ">U^,i f iaAi-l 1.9.4 
■Li "II frUl cJf. i^«iy2.9.4 

jg«uJi gjGj, juri 3.9.4 

^juJ-\< £>-*- Jl^l 10.4 

■ I.J7...J1 4-iJl Jbrljll 1 1 .4 

jL^lllfJI^ 1.11.4 
^ty- 2.11.4 

JUJ-...-1I iOIj* ioi; 3.11.4 

jLi^ll cjUIpJ 4.11.4 

U.jUl'k^ 5.11.4 

09l 6.1 1.4 

I _1 *Jl t -I 1^ A 

00* 
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Computer Graphics ^)j><M) - VJ^d^JJ 



0&m 

(Interactive Graphics) ^kttiwMuU^tf) 



. JpLuj jLAil -1 
.^j^Jall jAljJaJlj A-S'J.l SjjJadl tLity Aw-ii -3 

.lUlj-Jkl oJLa ^a j^ l$i£i tuljJi5 di^c d)i ii>LstjJLI Juj 

(Programming With Interaction) Jfili? (M <Lk»j£ 1 .4 
jl_jjl £_ Jai j»-*va: ^ oJwi fills' Jpli* CAD J-i^ Jlill J«-< J^ Jb4j 

1 /-;' .aJLpLoI Sj j^oj »- ijAiJl _^liP Ji^JOJ iiUe>^j pyiu i* jo ./Till LLvP ^ cj3ss5~ 

j—> «JiJl i^jL—j^jLij OjS^Lu- liV> iij** *^il /-» «!)j^j cJL*Jl c£Jdl (JU> c*Ji a> 

"^ JL_i ».jjll oL Up cSJlpUJI o j^s-SU 4joU,I olij^il «.Uj f ij^ jf (Rotations) 

.UJLii ,sp Alii— Sjj*** .(Software Functionality) c-'L^jJl iJtfltj 
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Computer Graphics __. $$&'&) - <?jfycy\rjj 

Jj ssJi :W oli-kU cSjl.mII JIp J&Udl ^ jv^j J* £j~> J^xiJl La 

_j j <j 3_Jji c^liLT £*£ jjssdi Li ££ .(Segmentation and Input) Ju^lj 

j — ^ (^* Jj^l SjJsuM 6_yl>J t».»>u-« Sjj-^ SJjf oUL^ £• J*Udl ^ N Jj Sjjfcit 
fji— iJ-A«j .iL«Ls.j «jjJai.j (Interactive Modeling) *1pI«i» JbrJu: oLjs jf^JaJ 
«>« — »ty J* v-V^W ^ij (Graphical Input) q\J\ JUo^ 2U.LJ £*» jj_>kj 
^_y—^>y Oj^i_— Jij»«Jl «j-A» *»U>I l>1 .(Input Procedures) Jl^a^l ofel^Jj 

»-i* Oj^i .(A Shape- Layout Program) JlSCiVl -W^ ^j. ■>* ■ i f**i>y J*^J 
j\ (Painting) -^jB jt ^jJi ^1 gAj ,Ja« Jl ^Li- a^ULl \>-\A\ ^ j-Jadl 

Sfcqw? - jL<gwitf Program) JLtftfrl hjhfft gftUji 2.4 

iijl*^.^! •jyU- -kfli jj-J tefcy J lJ-V*L»j Jl£ity Jaja£ F^J^ UjLw-i t)l 

»j it ^ |jb*i-»l \JS U T^ji Uyt Ji i JjsbJIj Justs' oLftjJl i.jJ- i-iLs^Y 1 

JJl— ~«j jt (Menus) jl — ~»=-VI j»ilj» Js* cJ*c*J.I oL^-lj ^ V" 1 ** j»**- a ' J^j 
jj h ! *L~j JL&I 0j£~- . (Icons) i/**\y> jf (Prompting) cA^pry jf jjf JtU 

ijbS' JUT 4*«lji JU; lJ*«*iJl 3*U ^ JLJ^wJI ^L^Jl igarljJl *-*-iflJ l-lji Jl •3j«=*-J 

4v»j^«il JLiliJl ^ijz- Uli.t .SjjvaU ^jvaJ *»U»i J^ ji« OjSL- jJJir .jW^Vl 
^^-.u Jl_ *3i ^ « .£*lj>U (Flowcharts) ^L-JJ ^iW^t ^J ojs 4* i^-Jl 
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Computer Graphics 



A p&® - g/ftcyyy/ 




U±AJLj>it 1.4.1^-H 



.(Painting *Xhi\) W J^ r"-> $ *^*J& 

JjL--, JSL-A J* JUil-UJ olfca-jl Lj-i j$S tjL-JJ ^jli-Jl «»-L~U -3 
^J-JjJI *Ul aJU- $ S>~-Jl jf ^£^1 £ fJbu-J :uj--U JU«Jl s^L-ll -4 

i-*li» / (Hardcopy) £L-s*.l jl^ J^ oU-j^ll ^a\ *h}> jf o&UJl JU^l 

.(Printer) 

JUMJJI £-. dj*l j\ -bLiJ Jl j^ 'x 4 <j**LiJ» t Jlilt J^ ^1p .fc&f oWjptI 
I j_» <yu. JLii— U J^j* ^1 4* 4 X' >«j5l oV «Jww» t/ a 3 tUJJ jU^I U* 6j£» Oi 
^ 'x' ,>->• VJl— ; j— *T j»j flJW^-l b=plfcc-b .iiliJl £w. Jif. j-.^ jf -kUJl 

(Choosing Windows And Viewports) \$$ *^Wjij &\$ j**^' 1^.4 
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Computer Graphics 



£))&% -Vj^u^/j 



<~»j~» .(Separate Modules) *l«i— »Jb~j J oW^-ty »jl* *^. t U*-V .ip^li 

J -kJl Ua sljto-l fO*J tjfcj ^jj iil^J J& SJb-lj t4jjU<. O^jat 4*jjf f Jbx2-J 

SJL»L_; . ^jj JT fr Uii ^ ljj 4 J itfM,. (wc) Vj^ oQj^l **J** J 1 * 

^ s^»-l ^jJ* 1 * jU«ij\j (Aspect Ratio) ,^51 a^,* i~J ^^ij U Ju jj ^^j 

.2.4 J&Jl j UT WC 




ij jf lJlJb-l ^iL.jfci* 2.4 JSLill 



static Glim windowl = 
static Glim viewport! 
static Glim window2 = 
static Glim viewport2 = 
static Glim window3 = 
static Glim viewport3 = 
static Glim wifldow4 = 
static Glim viewport4 = 



{0.0, 8.0, 0.0, 9.3}; 
= {0.0,0.8,0.1,1.0}; 
= {0.0, 2.0,0.0, 9.0}; 
= {0.8, 1.0,0.1,1.0}; 

{0.0,2.0,0.0,1.0}; 

{0.8,1.0,0.0,0.1}; 

{0.0,8.0,0.0,1.0} 

= {0.0, 0.8, 0.0, 0.1}; 



gset - win (DRAW- TRANS, Awindowl); 
gset - vp (DRAW - TRANS, Aviewportl); 

gset - win (MENU-TRANS, &window2); 
gset-vp (MENU-TRANS, &viewport2); 

gset- win (CONTROL- TRANS, &window3); 
gset- vp (CONTROL-TRANS, &viewport3); 

gset - win (MESSAGE-TRANS, &window4); 
gset-vp ( MESSAGE- TRANS, &viewport4); 
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(The Shape Menu) Jl&»ty jl*»M 1*J15 2.24 
± Jd Jjj J>jjA .ZjjkW fr LiSU jl-^l 5-JIJ ^1 ^* ^ ^'>^ «lj& 



. Jl =U .tjJai-J j>jl^ oliv» 1*1A^ Syla ^ fjH t?JJl fU3l p-^U Jjl OUT 

I _, Uj .l$Ja^ JLp *tii Jufj ijjUl j£> IftU-X* djSo- U^ljal jf -^Jl l jckiJl 

j, ^ p-jll) ^Vl <3> J^ljJi >i ,%-ji l^j jJ u^j .(box-drawiiig) jU^I 

(.(Foreground Colour) ,y\ «ty OjUIj -k-jJa*- jJi^» 4JL (Background Colour) 

: JliJ.1 Jjj- ^j 

fill- box (xmin, xmax, ymin, ymax) 
Gfloat xmin, xmax, ymin , ymax; 

{ 

Gpt [5] box; 

box [0] x = box [3] .x = box[4] .x = xmin; 

box [1] Jt =box [2].x = xmax; 

box [0"].y = box [l].y = box[4].y = ymin; 

box [2] .y= box [3].y = ymax; 

gset - fill- area - int - style (GSOLED); 

gset - fill- area - coir- ind (BACKGROUND); 

gfill- area (4, box ); 

gset - linetype (SOLID); 

gset - line-colr - ind (FOREGROUND); 

gpolyline (5, box); 
} 

.Ia^U g\j* J Jl£ity 0j& d-st oULJ.1 jL^-l jt Ail .a^jbJl 

Gpt points T21; 

Gptloc; 

static Gtext-align center = {GCENTRE-HOR, GHALF-VERT}; 

/*line icon */ 
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Cpinpuier Graphics £) )) d*»>) - </jfy&**JJ 

fill- box (0.0, 2.0, 6.75,9.0); 

points [0] .x ^ 0.5; 

points [0].y= 7.875; 

points [l].x= 1.5; 

points [l].y= 7.875; 

gpolyline (2, points); 

/ *rectangle icon */ 

fill- box (0.0, 2.0, 4.5, 6.75); 

fill- box (0.5,1.5, 5.0625, 6.1875); 

/* Circle Icon (Using Implementation Dependent GDP)*/ 

fill - box (0.0, 2.0,2.25,4.5); 

points [0]jc= 1.0; 

points [0].y= 3.375; 

points [l].x = 1.0; 

points [l].y= 2.5; 

ggdp (2,points, CIRCLE-ID, NULL) 

/* Text Icon */ 

fill- box (0.0, 2.0, 0.0, 2.25); 

gset - text - align (&center); 

gset - char-ht (1 .0); 

loc. x=1.0; 

loc.y= 1.125; 

gtext (&loc, "ABC"); 

^Message and * — £=*Jlj JSL-JJ Ja\ jjjSCd MLi^ *&j> o*IjLp fl-As^-l ^ 

.Control Boxes) 

(Defining Objects) #J£&ttt iiufi\ <-«£>•? 3.4 



*-? 
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Computer Graphics 



Mfr® - yj$<sh*jj 



^>r ...; Oil iliSU .(Solid Fill Area) J*^ *>? ^l^ 0> (SjMl»j 'J^*^ 1 ) 

JjVl OL^Jlj (fill -area) *W' ^^'^ ^V^ 1 si * *J JJ **' L * > ^ C 1 "^ 1 -^ 
j.L iVl »-i* Ji* <~*o~ l>k-l ^J .(Graphical Object) ULh jjfcJ-l s^l jij^J 

S—ij^-j * S-LiJl n -j SjIpIT cjLJL* Jsf«J $ jl^iSlI ,jfl»* f Lbt^-I ^Jta^i 

.SjjJbr A*l^» Jj *JjT OMULS' ^ olP ■>»£ 

(Segments) ^JmJI 1-3-4 




& 



-kJ I l^iy (f**° J> J3&* tif^ ^jl*J' tj^ *i}J^. 






Jv-JlI -k~Jl p-jJi jL^H >4 Jb^LJ ijlill J~- Jk> .u«* 

.3.4 j£iJl ^ 

Uj U^, -Ja5 £y, iPjAjs j^P ojLfr 4jb *-»jJi ll4v> jp (3^1 t£j?*~* -^ J^"-^ 1 uii ^J^* 5 
•. * izA—S-y^ * » J-«jJI JviiJ lOliUSJ I «JL* (_ijj»< »^ 111*- .Li«jJaA iJj i/l 

.aJj^II oUL&I 

i_JjSll ^.UL^CJl JJLL- ^ lA jL-^l 01 .SJjS/1 oULiOl ^ ^Uj*^ ^JaiJl jiaJ 

c*Ul a» . J5.;]^-ll «^j U t-ij^al csi Oj&j AjJmJI i_-TjI t) J^Jj Of **l&j* 

^1 3 Ubf lil^ *Jaill «JL* jl*^^ ^^J /J"l' f J^J" (»-4* t^ li JpL— J oJLsr «_^»l> 

.cuL.j—JJ 3Jjl trjUl/^ jjp SjLp cjUII.1 luUj£* c,c«j 1jl»j -ikj-o c^LiL* 

^3 -OUj-4 01^L.^Ij bU ULj jJ .pjiU^j ^y *Jjj*J ,^5^:. tgJJl ,^-L* wiL« J^tJ 

^ Lp . (_JJJLl ^ aJUj-aI p^jAl V^ji ^t^* ^ ^j* ^j^ &jp4 -* — * dAtf' < — i-L* 

. Jlsll J„^ 
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Computer Graphics &$&■*$ . &_/§C?*yj 

•u** «-*^ ■jijSo lJ aA\ (Editor) jj* rjk -1 

.oULj iJlL* ,jj_)>>j p^vt"*& C *jb 7y*j±* — 2 

3 — JLJ cjI »Lj ^j — 1& t£ j^- cAAaS JLidJ a^J.1 mIjJI jija^ *h W»J —3 

-(Binary Files) 

* * £o»ljjJl jUUi -t£>>-l <zAAa Liljj^i- Oj^J J» OJlibi 'jJj^J *. . ) ■»* ■ »'■ liUia 

^ j 5j 3_ i.ilA (ji i "ui: — -^ p^^ji (Run) J**-^ ry* l* -Lp .<£~>jj J^-~* chilli 

J A jL.tlJ 3 LIS i^jljii jJLc t?j^ «-iL* *e-\j*i (Operating System) J*-^* ^j^ 

J 4 Ul Sjas-^lj jjJ^rl ^ lU^* .*JjUail ^j^J J^^ 1 oliL. -^ <£? aJtU»j 

3 ij *JU* ^ Uoj\j oL-j-^ll CjUjI**. Jauist tit ^Jax-J oliL. 0*-y "i( dAJli* jf 

.0>t ilil oJLA Ji> iJrbwj «J»i>? ^ V " "H £?* ^^ ^ ^^ '^y"-^ '^y- 

±\ Irr JajJl .Jii.^1 JL=-t jA ^jliJl J*aiJl (3 *J"* J~- tS-JJl lj~^ GKS cJJ- jj*y 

.diJi jJJbf V cjlilil Uirf j»Jil ^1 ^j* o" J& 

..jJil oli -2 

.^illl JI oU>il JUo^ ai> -4 
.«jdil ^ ot.jL.il ^U->-."y *2i> -5 

Aj-j>,f & -Iji 2 «J« M ^ iGKS a*>> l* .»«*«» d!**b ( C^> ^^ 

.(create segment) **M Ol -b»«^.l 

void gcreate - seg (seg-name) 
Gintseg-name; 

a ^Ui ^ .Ua5Ji _** t) fJt*=-* <~*y cf^ f* J se 8- name °J^* ^^^ 
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Computer Graphics &%&$ - VJ^&'JJ 

tfdefme CIRCLE 1 

gcreate- seg (CIRCLE); 

:(close segment) "*«JaiJt jlpt' <\j*f *k»*ljj **JaUl t Ulj JMpI ^ 
void gclose - seg ( ); 

flJbt: -.1 jl 3 Jji oljLS' i_Juj«j ^Jai—3 cJ^'j r^' Oy ^ •gclose- seg ^j**-*^' 

;SJlill *»Jai5l jj^J Jls 4jlJLJl 5JL.J -UstU^j J Sjj^dl l_*-o- 

gcreate - seg ( INITIAL-MESSAGE); 

fill -box (0.0, 8.0,0.0,1-0); 

gset - text - align (GCENTRE- HOR, GHALF-VERT); 

gset- char -ht (1.0); 

gset - text - coir- ind (FOREGROUND); 

loc. x = 4.0; 

loc.y = 0.5; 

g text (&loc, "CHOOSE A SHAPE"); 

gclose - seg ( ); 

J*l£jl djUl i^L-ll Sir fill -box f-\^\ fl-lAi-bj .A*)aiJl OU~i~-l f JiiJ 

Xk>\ — .* *>-l mJ.1 *jjb (J oijwjjt u)j!xj Ji tL>L»j«>rj SjI (.Lb^ dUij (ILiU-l J) 

l^-JJ aJjJj Apliljl C—S JUJ t( yd! Ut .As-LJll 2jsU-^| i»jja>i jOjO »— j -^j JtfJbu 

.J Ja: ... U J ^jO" 

a .jJiJ.1 f ji" tLJli. t5 Sjs-Ji.1 oLivail d-i- Li^t jJ oil .OL&I lAA 5JU-I S>Jil 
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Computer Graphics ^) j) (frff . y /*VA •,/ 

(Segments And Program Flow) £»UjJl J-iL-Jt j -bti\ 2.3.4 

&\ .jjaii Oi^-! * itWs* i>& J^ljS UJUP <3if -£«*. jt ^ OJbr j L^jt 

c — ij ^ ajuih j^ji oj^ ^ j» *«K*ij f* ^. cgks v>> j .oo r ;i 

Ja—j-x* t M e^l-^u-V oLlT ilu* j^jj 4 ^ ^^ ju, ^i jjju; ^ 

5_ *ia ^_ ^ jl j^_jd cu\ — 31SL.I ilU ^ ^ .S^j*^ ^ ^ ^t f |jL«-.L 

*_^jjfc* c) .cJ. bit ^jL.t Jrf^ PHIGS i-jk^ i^ty 0L.jkd» -«jPr_y. 

J frj =r JSCi, (GKS 1*Jp^ J Uwll Jili y;JtJl -Structure ) j£J.I PfflGS 

i>j &j t(Posting) -W»j ^j— J J^y*! o<i* t/'y 5, M** <->! .\£ y ^Lj • J *U 

1 — uSo:. ^ — ;? ^ ^jJlj till a*^.^! jy J^aiJi ^5ii ^jb-j .L^ijbxi-i jp aliu~. 
^-Ji; ig^pj j> **j">U.I (Concurrency) ^1 jdl JS'Li* J Jj=tjJl OjJb JS\AI ^Jis 
PHIGS, GKS ,yj^ f WjuJi £_>v>_y J £-j^ c^ .^WJ GKS =ujk> 

(3 j i)l .4 ^>jl*Jl ^glp j^JaJ JaiJl j^-i" iijxilj ^JaiJl rjU iijull aJj^I iTj11L531 

Jli,) iiLiJl jjuii i^jw 3LJl*» fyj L«JLp j^Jgg ^JjVl oUL^Jl oJLa JjUJ J t^-^jh 



3j *dl ai j«P l^^rl^ (Overhead) (3^— ^^' J— 11 o—* ^— j-* ^-^ 

4 Li, ^ Lijt fjA ,>«•■,,» ^)2» fJiAi-i ^ L^iJl g^VijJl l-5b .(Segmentations) 

J a (I; _> 3j_ ,J ^L, iU-l >ji bl J>JI il* ^"^ ^ .^1 c-^=-i gib 
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Computer Graphics 



M&% .ajfy&'jj 



tf — Slj*-i £■ jg& J-* IsiSot V .^M f Lb«-I La^U^I XJS Jl Jisd 0^« 

:uJUl j^l^V 1 J** J/ te^ ^" u ^ u^- 
void gdel-seg (seg-name) 
void grename- seg (old - seg-name, new - seg- name) 

Buffering (^y) ^VSsil ^j* 33.4 




^J- r JtA jj&J> fr,-i Lj-jJ t/'j^ ."U»J^I (^ »Jjl*^ frW-frVl* *^s>«sJl . ^47 ... J I £~J 

JL^^I jl$ ^ J">U j^. j£j tJLiiJil o^Uju J.I ^U«i-Ij .S SU— * *«-Ui (^ 

fry — ill J — ik <_*£y «i*>- t(Mouse) jtiJI 
^__^ y. UT a^a* ^ Jl STAR j jk& 

.4.4 JS^J* J 

NEWSTAR JL~~* 5*i*S tjj>; UiSU 

a C.JiJl *4"Jl <-*JL4 f^*!-' .As^Jrl £*jJ- ! J 

ijj—*» ilJ — p^ 1 f ^ ^j^ 1 -Pj 'STAR 
ol.. ,J«Uj 3 i-LiJl (3 j, :$CsD l^u?w» 

<j[ .3 JallJ Jb *Jrl -—^1 jS'JuJ J? Ulp c~.UjJl j> ^ li Ijjaj t^j *l£i* jJii 

:2LJLJI USLAI aJ yla-jll ^jaJI ^Uy .=U£ill «JLA J*t 3L*~dl Silpl U~p 

gcreate - seg (newstar); 

/* create new segment elements */ 
gclose- seg (NEWSTAR); 
gdel-seg (STAR); 
grename - seg (NEWSTAR, STAR); 



JliJl Jjjt 4.4 JiCiJl 



a^nn^SS^ 
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Computer Graphics Abirfb .&_&&& 

L_^iy ) l^~\j ^Uil Sjji J ^kUl £*. ^ i 3 ipj J^ ; jaB £- ^ ^ U>-j 

(Implicit " g-wJl iiLiJl o,jl4" _j iJytf ijlJJl JuU^i „Jl* j| ,i,y..li j*vii 
tS—sJa, i.^ ^Jp .o^^Jl tSjA ^ ty^S Uilopl ^j Screen Regeneration) 
Sjj ^ a^jUI ^j Silpi ^JJai 05 jsJj JT oSf cljUb ^-^Jl jL,Jb*Jl ii£j M 

(Explicit Screen £ — iy^\ j\ aosM JLAUJl jl, ji4 J^oi. t^JlM a Ju li. J .*US* 
sl — *i J ^ ^-^ *'j»i -^ i>f a-iiJ.1 ^ v_Jk* ^ JJi iRegeneration) 



*« I oil 



(redraw all " J — «Jl ~4*£- Js- ^aii\ ^*- ,•— j ol*i" — f ^i ?^ -a* .:iALiJ» 
.Jjj^^aJl Oit ivbjUJJ ^j SiUl ^ j~Wl g-UjJ segments on workstation) 

(Segment Attributes) (hilt £>^4j uLWl 4.4 

,^ ft oj-*it ULLys Oj£J IJJ 4 UiUj SjjJaJ.1 *Lity ijujju jj. JaiJl Oj£j IjJaJ 

-ijJLi L« ^IjA-l fl^A j« Jt'T .a1*SIj jjkito *^iJl u^y 1 " 

(Visibility) (^>Al) h}J\ -1 

(Priority) S-5--VI -2 

(Detectability) (.-iLi^i JLL13) ajLi^TVl -3 

(Highlighting) .(kW»! -U.^1 ijj*aJl ^» s.j=*) V*Vl ^li dj^-^l j^fcl -4 

.(Transformation) Jij 5 *^ -5 

(Visibility) 3 Jj\ 1.4.4 

.Li^'ii 14^^ Siipij *^jUJi ^ i^Jiji ioisL.1 ^ {km v-^ 1 «=a*-m o* 

l$_Jl OrU-l C-JlS' jJ £>- cSjUJI tf ^JaiJl ^ ^J>i_^ J S-^> •** '' Ai,/, i3*A" <j 
l >£ Ll4U^ ^ JSL-JU v-JIj lii"'- ^^ lilt • UA«jw ^J ■** ^JJ-K' J^ 
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Computer Vraymcs j)j)d«» - ^fJ^&'JJ 

"i_jjjl c~f sSjSp Jvoij *&£ Ati-I oJub o»-v*f .(Layout Program) Jl£iS/l 
j, - H id p . My jjp 3jI jJI t) Oj^? ^h* &U>tZ~-\ J ^-U-JLj ifiJij (gset-vis) 



a ^'15 c) (Line Icon) i»i-l .y^Li jM^ 1 ^ J ^L-j" ••** o^j" '-V-J 'J*^ 1 

gcreate- seg (FIRST - END); 

gset-vis (FIRST - END, GINVIS); 

fill -box (0.0, 8.0, 0.0, 1.0); 

gset - text - align {GCENTRE-HOR, GHALF-VERT}; 

gset-char-ht(l.O); 

gset - text- coir- ind (FOREGROUND); 

loc.x = 4.0; 

loc.y = 0.5; 

g text (Aloe, "CHOOSE FIRST ENDPOINT OF LINE"); 

gCLOSE-SEG( ); 

j <■ ^ ^2* .IJjk Uli* (^ JJL-jJ* i/O* LS^ 5jJa--JJ "*&?*> *h_^> <Li5dl 0-i» UjiiJU 

f j " t>Uil „ lt O^X. Jl 4jU«I«»1 Sjjixs* »j_yvaj JSl— jU 3uJj^l 0>liL-xJl ,j«2^iJ 

(PRIORITY) HA-ty 2.4.4 
1 — »-j*J J 5 * ^^ dj& »i-s»- W^ WLtft -V*4 pi UOi*> L^Uj ^UJl J^b ^ 

.A—siji- J*P Uwt J5CJ aJL>M OJI ^U-jll ^JAXII ii>^ JLidl U*P J-*oli! 



J — ^»Jl t) l—^L I ^" i J&l J—- ^1p .Sjjk^ aJ^Su. »Jl* j-j^jJ» a!* v^" 3 •*» 
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Computer Graphics 



£&% &&) . yjty cfryj 



V-J^r— ll ls — I* »Aom 0j5J ^Jlj s-Jil oULJk Juljt oULf J^U; j^^k 4l ^JliJl 



1 (*-*j V f*-^ c£-*Jl 



l3j— Ja3\ ojjb Jb-I OjSj .iijbrftil cjU c^jJl CjL» Jii* (J (3jJaJl •-*■* y*4** ci~«JWsiu«l 

* «Jjk> .i~~^j: 11 IJtA SJWi Ij-wt^a l*5j OjNj i^Jiil AjJaiH ^1 £• Ju j\ y> Jja^ J\ 

£_J lj :Ost jt*> ^r-JjJl -lijj l^5jT. .Jij^di jJU^^l v-TjJl flJbilwl OjSi JJ cSj^l 

^ .t. GKS * '_>Jii> . Vj^-^J UJtflji U. ii> j£j .jljiJl Sl£l, iplil oUj£ll 

:(set segment priority) " <*Ja3il SJL-f ^j" *|^0! j J^ 
void gset — seg- pri (seg-name, seg - pri) 

j O.Oui—j £*>j Gfloat £jJ & 4JL-Sll j?z* Oj!xj d-s- 

i) £— !>j dOiH tjlill J-* JLp .1.0 l±~S ^Ut OjS^ 1.0 

j£-Ji aj£, IfJ i^jH i5j» ^1 jLjtl UsJ jJ t5.4 j£^Jl 



*sj* u_tl 5.4 JSv-Ji 

gcreate - seg (TRIANGLE ); 

triangle ( ); /* defines a filled triangle */ 

gclose-seg( ); 

gcreate - seg (BOX); 

box ( ); /* defines a filled box */ 

gclose-seg( ); 



pet - seg - pri (TRIANGLE, FRONT); 
gset - seg - pri (BOX, BACK); 
gredraw- all - seg- ws (WS); 

iJ^ c^JJl (f aliJl JcJl $ ^j^. f ji- - Pick ) -kteJl ^ J^4 JW~ fUsW-Vi 
j, -«K* l ^.jJ cJl—T (5.4 J5UJ\ £ cj*> UT) _^ ^o^w. ISU. .ajw» ^ UJ 
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CowuterGraphlcs *$ **% - g/B & ^J 

a >-( ftlidl J^l <y o _£. ? *UUil fc-Urt jb. J»ud^i j Vr ^j fj al^Us* 

Jj p ^ ^jUdl II* Jj- L^j: -of c £3ji •** ^ ■ J»l*JN' jU* ***-' y. CJpb& 

dLJi j 46L-&1I «J — » J4 GKS ^>Al f >" t Juidl JJ jlyiJl d* as jl J> 
.aWoil Mkil j) U*Jl iJL-^l oli litSJl Ju>i yj «Kj 'cH* 11 *^ fl^s^-lj 

(Other Attributes) iSj^f 5 jjfOlw 3.4.4 

I . Wai ^jw £— ; (Highlighting) V^l oli *\j*-ty jL^i **-*♦ o} -1 

«l jdl «_. U- Lij** ii»oJl «J* ^JbtiuJj ((Abnormal) Sab** jji- ai^a; 

.0«j» 0»j c) V*^ <JJ^ ^' jl* 5 **^ *-**^ lU a-jt-i.1 

(Binary Attribute) V 1 ^ ^^ j* 'j 1 ^ V*Vl iuli *lj*rVl jW^I '^ d I 

(set segment « «WJ jl^V 1 **<" °^" ^j^' 3k-ljj l$~J5 ^ ^ 

^ *j of AjJaAll J*£ }b» »Jla jLjfe*^ Aa*» iijk < yi^i. , ii .highlighting) 

oi — » j\^>^\ Ui}> of ^jMjJl ^ . vU»l kU^I S-Jiij L^jP jl (Blink) 

^ fObti_-j (Detectability) <->! — 2^1 ? — -LIS jf ^Lii"^ *iv» Utjf -2 

Jl >-\ tlfcilj {J* of JLiiJtl ^ s-^jJ t^ljJl (£ .JlSLs.^1 Jijai£ bs^Ujj 

L-Jjjl jJ toil .SJUjI ijai jLs^Ij f ji V Ofj jLw'-N* WIS ^ jj.o^ljJJl 

"^ of oUj-jll Ojjai* ^ t _.lku>. tiJLijf^U aLIS jvp ^JU^Jl Wai J«r 

« .«jbSi of fW OJi^JlI JjU- ^J ^>- jLs^^l Ijla J-j: 

.o^j^Jl Aja-S^ ULiJl Jj>- l$£,y£ jf *JaiJl Vpj; Silpj j&: dAJoJ' -3 

J — '-^J 'CA — '. j^* «Wj f s * s ~ <£vj <^— L« «S^* $ A*]aS «Jujju Lu^iT Ia5v* 
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Computer Graphics _ J^ d*» . <7 /ft Q** // 

ji —^ J ^ o*J -'oteU W L»jL»l j& £» oliy^. Sjk-I^ L^Lj Ji_pdl 

.^liU J^iJj J| 

(2>W> JUi^l 5.4 

^j ^^ ^ Jl ^ L*t^ J *ibr. c^U- '4% Jrt/i J^ .ijuu a*.y .ju^Li 
5 -^ sl5 u • "> jl^V tyoJl aJL-j Jl 4iU^VL JUiJit f ^i Ujl^ -i 

<-* — =0~ JO j* j^^l ••** A»ji ^.UjJl Jl SiUi.1 o^Uall j* vJ^til 

J ^wb 01 4i* i_JJa7 *JUj ^fjai*. . JalJ-l t yx>-U jb*l JLiiJll 01 ^j^J -2 

C^-fr SjLp AJjlJall o/jUjdl 0j& La .SbjUall Ja^-I A«kiJ Sbl^Jl ^Jai J^ 

■r^j* cjijiJb-i 

jj »jJ' t>* «Ju,0 JUrfoL. 4*-J=- '(J^Jl (yi^Li jbsM 0* L'JL£U~< OIS' jJ -3 

.cu^Uoll ,y dJliJl JSliJl ys IJlaj 

J « ^ Oj .cj^UjiII ^ iibit ^Ijjl Jl iarU-l oL.j-.JI oU.jJi> oS'jjf oil 

j ijj .Lji^ *._j9r £»jll tJj^i Ajja5 iL£lj £*y* Jl^^ Tf^y. *i^^i -JUii-J.1 f ji 01 

»J — * .S^iL* sjj^oj C-Oljs-JlJLi 3jjUail As^il -^Jj 1 ; fj^J ■— 'WjM **i-VJ-l i1jL« jjaill 
^iJb^r* ■»L 7b3 Uiul ,~p^j cCjU^-jjjI JilSs^t .hj,...." _Ip Uju -la-Si ii_-*J culjl>w»"i|l 

.jjmiiii OjSsJ L*i>l JL^lp^ <uj>L> oU jj^* 

(Logical Versus Physical Input) ^^M?- JjULi ()5 Slai» Jl^l 1.5.4 

^L—ji jl C->!5* ^Jlll ?j J Aja«-ljj SJiJalil JU-i^l aj^Jrt tJijiu pJLi .Liku L^ijI 

.^•UjJl Jl <?ilpl *i c^JiJl (Measure) 
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Compute Graphics &%$*$ - yJ§G?»JJ 



._ j>- _pj oULJl fe-jij .Jj^tII (v-IaJ'j jL«Jl 3JLJLJ-I jLrfo^l «_j<J!-l J-*-"*' 

(Logical vWl oUiJl ^* j£\ jf -A*-lj £jJ yjj of jl^-r JS' f^k^-i . vj» -tfa^ 
Jl SjL-^^J ^ — jy> ,JS f lJb^w.l Ol^L tj&l J—- JL* .o^UjuU Classes) 

i—js-UI j — « j — SCJ .(Strings Of Characters) jj^Ji ,y <~Jy**> (A^" jf-* 1 ^ 
(Arrow Keys) ' ^-s ■ ■» pli- £■ V-LS C^** **" j* rl^s^^-l j^-il ^ itS/^l 

oi a cj^fcll 3JL1J-I JUj^I Sj^I ^ a»lj JT .dJ^iJl oUfll oJU ^*4 fUjL 

j £- .LUaiJl oj* Jj?- jlil jOp J^ai; ^jdl ^JaJ <gj-j ja .Juki* <zAjS» dJJtc 

Ll_J a — -Lii.1 Sj^ty J -V aJU- J ejjJJ Jl £-Lai ^ c^>. ^,1;^ 4^ g ^y 

J * ^1 - J*^ *** S-^ Jl ip> g^jjll <^ji-^ JOp JLSkJ.! Sj4*Sll f IJbtL,l 

^1 ^Jl jl £jj^l £*■ *k-J i«jJsdJ 01 J* 4»j*« ^ttfi Jaii c^aJaJ ~»U^ a,L^ 

(Logical Input Classes) JbJ-i^U 4JikAl olttll 2.5.4 
^ij_;i 5i- Jl Juyj|i .jll^, f jfi i^^Vl oLijM.1 ^ jljjipj GKS ^jfcs* 

.(Pick) J»l£dV» .1 

.(Locator) gy n& .2 

.(Strings) jj*Jlj*U** .3 

.(Choice) jL^- 1 .4 

.(Stroke) i»y. jf a^ .5 

.(Valuator) jJLi* jf ^^js .6 

.IISLlJI L=*iy J l^Lai ^J» ^JL- ^ j^| ^j, ^,, 
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Computer Graphics id/frfr* 1 ® . Ojfycf^JJ 

jc ^_J\ i *JaiJ» (Juyo yj iz\s\> (jsJ&$\ jf - Pick) J*Ud^l jl#* f ji -1 

°J J " ** '■ •ijj* 3 ^ &^ J' j"^ C,JLis- JU^ $4** ~*h**\j>. Wi OjLi^l 

i_i— !j» >»j -Vs— *4«Jl $ ,1 j/ OVT t5^l t-y* if\ tf> <-»j«JIj jw.L3t LiAc- 

al — *H\ ^ — Z WC t-U& () y,x (^» ^ »- j j; (Locator) ^5jil ^Jtst ojjj -2 
Jl (5 _*J» iloz.1 j* iUuVl y^Ai ^5^. *o*t 0j& JL^tdb .GKS i. J ^*T 

dj-^i .jyj\ (j* lJw» jsV**: f j^i (String Input) jj»jJl & <-**» J^-^ -3 

jjjz__U (Dise Files) \?ef olil« flJb*£-.l OIS^Ij it £* i(Keyboard) 
^ ^jlj S*>jUJl J^ LJLi i'j-^ ^U* ^~jJ £*>j o 5 ^- ^s*^^ • jW 1 * 

j , iji e- ^ Jb-»j jLa^\ s.Uil» (Choice Device) jl- 9 ^ jU*- p^ ~4 

^- jlji_^ 01 ,j5j:. .(Buttons) jljj^U ,^a^ :>! o^l j>au -, fcOl ol jL^Vl 

^^ a. ...1..&. iPj*^ J^ J^JU (Stroke) **>JI jf J^l (^*=-< -5 
i_5i> .(Painting Application) jijW jJ* $ 4*-^ J» tf Jltf" 'C* 1 ^ 1 

j,j &n jL»i 01 .(Loop) ijj* 4 gr >-*~^ ^y^ y* 1 llS ^ $ 

Ji^_^. v—&>- j^ J* J-y^ ^ l3 -^ U C^- J ii ^ v 5 ^ t^ 

*_jf .Sij-^. M^ f«J J^ 3 i (Valuator) j-*l» jt j-^ 1 p% 'j^'j ~ 6 
CJ ^ aS jl^rJ LU ^Ui* JLidl ol .(Dial) «jj- jt C j-^ ^^ J*-* 
(ADC) ^j - Jl- ^>^" J J* ^ «y ^ U C^ *f> ^ ^ 

.piUl ^jJ J* : ^r-H J^^l ^J^ Jl 
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Computer Graphic, M&® -VJ^V^JJ 

(Measure and Trigger) £J*j j* M 3.5.4 

cJ% ij£ SLJL. J^k* y jji) Liku p-I^V 1 "-^j" p3 (One-Direction) oU" J\ 

,jy^\ <Lf"> iiLSj-L ^* SJujJI oJL* cJb^zilj <UbjUll ii^.X£ < /v» JjA?<s tC-»_jJt 
:aJUI <->L-OU JJi jSl L. Icji 0j5j SJLJli JUj^J :L_Jb ^ 

.Jibs J-i-i? J^lif -2 
^ — 5^-idl g**Lij>Jl -jy (Two-Dimensional Transfer) u^aIst*!/! <^»li J-iJi -3 

.aJJLU JU^l »J4*rtj 

.(Measure Process) ^L* aJLp • 
(Trigger Process) £^5 2JLp • 

(prompt l£-* ^1 jT Vr jJj qO»j ^.LS SJaJjj ,JiM.I Jl^o^l jLfrsr t-iyy 

./echo) 

^1 — -ill 4-Up ^ SjI*. :L5jai« (*J iPj** ^ SjLp y* jl^J- ^.UJI jjiy .1 

,_i ijj yj ^ .. o^ .- iiUJl jl^Jr ^-LiJl toil .ypisiJ-l jl^Jrl Js- SJUL, 

\—^ J WC frl — £i t) cjLJI Oj-I J*^i, *»j^ JUJbJ ^LiJl L^, taja* 
. W (Status Measure) aJU-I ^LS jUj jdLLl 

'(Prompt) ^i-J-l jt *j — JU ijLilT (Cursor) SSlju ^jU» ^ ^^Ji; 
(Terminated) <*li} a^p ^UJl *JLp ^ ^.^M p_ .^jUli j^ ^i^j 
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Computer Graphics &}i& .y && ,, 

I r-Ji jo** .2 



o-Jji ^-Jp ij aift J ^^ jv^ ^ 5j l p ^ ^jj JL ^, ^ ^ 



i»L_m 4_*S^J| dol^t .(Trigger Events -^aS oIj>4) ^tjLit 
jL-JlT Jl^^i jl^ J* ija ^ jj j^- (Trigger Firings) c JH)l 
Jt *l— t, c j_iH Sjlil ^ iC ju1| *^ J^ 3j9rj U Ju^l c t^j 

L - ^ -u *j (j* JJi 'i'-As- j* ZjU- ^j i(Interrupt) 5jA»UI» SjUl 

(Current State) ^Url aJU-I jL&\j JUj^I ^l *U^ SjLi^l f LbwJ 
J,U-I ^-UJl £j,jj oU^x-1 ^ jl ti.yUl c^Uail ^ ^UJi 3JLJ 
<_?-Ap u^'j C^ Oi~L«J i5-»JJl fl-AA^l jlou- .(Queue) j^lk ^ 

(Input Modes) Jb^t A?tft 4.5.4 

J^— =*■ j • ^ t^j^-JL. Jt ^-lal y;AJl C *iL Ja~-, «Uji ._j& Ujup 

scanf ( "%d", number); :"scanf * tSj*f 

Oj £, . JU^l vi-ijlj jJL^all j* ^ J j,- oljtjiJl ^^u il^L ^ ii^- 

J — 5 c5 — iLiJ-l J .L^Jbvi^J -^Jl 2L»jWl SjailS' ^IJ JU=ol jl-$>- jp SjLt jlfA-l 
(Disc ^-v"j» (JJ- jl ipjd^l JuiO^-l Mjjyi oUa*M ^ LI y> .yLiJl jLgi-l dj£, 
Jt — sol jL$ — a- *J ^aAi«j j*T Jti* jo*. IAaj c^T £»lijj c^U-jjt ^a- jl File) 
(Sj — ;>*■■ *i»y — ^J* JW* 1 — ■*! j&tj ilft*- <j uiSjJl *Jl»- J! zfljj^l ,Uaj a* u'^'-* 
(^ kj jfjh f^H ■ V - jA*— A t ^ ji tlJjt ?Ja^ ^ Vt CJ^Jdt CJIS' lit -^jj^ 

I J * i) i(Enter Or Return) S:>j«Jl jt Jl^l ^\sma J^ s-valb dUij Jl^l 

i£l) f- Ji «Jl Sjli"^ v«Jb Lit .^»jl*Jl ^jIp jj^jJl jI^Ij t/^l ^A** rj* <■ J^ 1 

^j-JLpj Jl_^.j^t 3 jL^j ^.UjJI jUiN 5ij>U" 0j& (Jl^^V 1 C 1 ^ ts^ '~^^ 1 

.JUkJl Lotjj jt 9b»ljjjl 

(Character jj— -j cy!)Ux. J^ J^4 ^ ^UjJJ ^_^-f o> dUL* Osrjj 
4s -1 _£ jt-^l J^ ajiUsdl jull-Ii ^ g^lijJt sJJa; i jUs-Vi ^» jsiS' J .Input) 
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Computer Graphics 



M&®-vSc^yj 



(Enter J> **$ C ^> J* ^jrf Jl <M V aW-» «a* Js, $ ..Lidl. ^M 

.Jbo^t -^ oyiL* uiJai OU^jj c/ifliU OLi» .Key) 

: JUi^U a*fr* JaLcT tf# dJU* sjj^-U-L. cjL.j~._-J1 JL* <j> 

(Request) <-J^ ~t 
(Sample) fc_p -2 
(Event) oJb- -3 

i(set input mode) " J' — **y -^ 



L-j^Ujj j oUas-Li fjii-j t^ 1 ^^ 1 J*— jf (Request Mode) tJJJl Jai jc*. -1 
(Request <- lt> *lj_ *■! Ju-iJ J — :p .(Layout Program) Jl£iVl Jaja^ 



^ k _,-! — J 4JLp Uj c(Request Locator) ^5 _>- Jj^ ^J^S~ tProcedute) 

Ji ijUpl a \\J-\ il__juj 3 JUjJI iJL» sl4l> ?-USJI SjLil ? jJ»j .^../i-aJj jL$Jrl 

«>l — 'tj, ( * ? k: — «j iaIp-jJLI oi* jllp .^UjJl Jl ,j»UJl M-** (Current State) 
.6.4 J^Jl .aJ| Sal*Ll j»-2Jl «-# JLarJl J-<»Ijj 01 jlAl-II 



Trigger 
Process 


^ 


Measure 
Process 


Request 


Program 


Trigger 


4 — 


Measure^ 



i_JJJl .Li J JUi^l 6.4j£iJl -2 
jl$ 41 £*>j JbOai 4jlCl y. JUi!AJ i_JiJl Ja£ Jtflji 01 .*J*xJl J--L-I «U» jjuj -2 

.LPjJI <_....->■ 3jbu jlftl *ij* Jj-V^ jt ptJlill cjIj_p«> 

*l_,_jrl iis ^ lit*- jLjJ-1 ^ o^Uoll Jbfcfc c(Sample Mode) M 1 J»* t) -3 
fljbv^ — .1 ojJ_j c£jUtI ^IJSJI (Sample Process) i~Jl IUp Jb^fc .jUi^l 

.7.4 J^iJl ^ Oif* l*T ^-JLSJt SjUJ 
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Computer Graphics 



dPfrty.vSbcArsj 



Measure 
Process . 


Sample 

4 


Program 

■ 


^ ■ ■■ 


Measure^ 



jl«_^. £ — j> y Jj±£ juii gijU j^ j^J_ i_Jb (Sample-Mode Input) 
<l»j — & (Initialization) ^is^l; SjUJI ti^«Jl ixf ^ .JL&^I aJjji 5JU. oU-li 

dJ be SiU .0!*» jl** (>• Jl*^ 1 V^ ^ <*^J s-^ 1 ul^ 1 ^ J -4 

.Oljj-JaJl ^Tl — st Jli* Jb4d .a&jza JU4 Sj$>-f iii aJ-i oL.j^jll oUjJa^ 

^jil — "j tU-ju* (Dials) ^j.^* jl *»j-a* <ylj*f j (Joystick) (^dl Uo*^ 
tij—£i t>f ls — **^ y^l^l J^ J^s-i t5>JJl ^UjJl tcJj i£\ t)j .(Switches) 

Ot i :< C jl -Jail OjlCl l^Jflti l»J4*-ty «JL* jy L>f CJ^ct-A ^jU^^I J^ Ijils 

J\ *>y\ JaC "its' Oil .cJj t5l ^ o-ltLiJl jf oUUiJJ ^ jOp </L ^^ 

djJuJ-.l Ja C 4 JUi}U i^JViH Ja*Jl I J£j» .4JbM <iJu» OL-b ^ «_4Jlj AlJl 

.(event input -<i»JbJ-l i^jUju) UU-I *Jl* Ji ^ -aa^-j ot ^5^. 
.8.4 JSliJl do^lS t(Event-Mode Input) JUV^U £> -O-l -ki J 



Trigger 
Process 


B 


Measure 


■ fe 


. Event 
Queue 


Await 


Program 


Trigger 


Process 


Measure 


4 


Event w 



yJLi-lJai () JUi^t 8.4j£ill 
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Computer Graphics £$<& - VjfaoA'JJ 

jyS^> a*^ *^ (Current State) iyUri WM ^y t^ai ii*J£ 5>. JJ* 
jl^ Jrlj ^UJl <> j; ^^xJd ^jj^ 1 •^jL-jLJLI **^j t (Event Queue) ii>lJ»-ty 

i . j j^UalJ &jA ii)|Jb-l SkL^j «Ju*u tS^t £-Os CJIjLil *.li*Pbj .^UjJl J-* 

j P *Lc -> Sjj^aj toJaill £»l^ JJ tf jjjUWI ^ C-**>j ^11 iiiU>-Vl ^^J 

.(Logging) «i»Us-jfl J~**«J ^JLikP- 
. ^ -» .«j JubJ jJlJj i±~?- . JLizlU 4jj3W ji^" y> utJOi-l Jai <*» ji Ji Li' 

(tfU-lj ^JUaJl cCJ-») 4-srjsiJ SJijH hJk&\ 5.5.4 

(Prompt, Echo, and Status Feedback): 

Sj :J.\ a jiidlj JLa: il J — ijy ^ — «u^> ill** «j j-^j Jl^J^I flu«i->l d\ 

Sj^i dL.yi jt jtiJi aJ»j 4JL-I^j a»_^ Ji Sjli^ Juii-dl c>y uju* .(Feedback) 
i]a_*»ljj *Jl jLi^ jUJrl ,*5j- JUc-il t>ji "U- iitjUUI is-jl ijf- (Stylus) J~*-^ 
-_5j^ OjOii 5JLp OjSi coXjil 3jJuJI jjju diUJ .a^ajUJl JLp (Cursor) <*lj — > 

«__jJLial 4-JT aJ>\ j) ^iLi dLjJ CJlS - lil .l4*J» f l*S~ c jj-jJl tf <^° Jef Ljb <-Sy 
.^jLill 4s- jJ jl iiLill Jl jfcJl Jj-b aUrl 4 i* £±> SJjUi "VJ JJLIp l> tflJL* io;_,J.I 

: j>j 4^»l>i v*t U. c^o- SjlJj^ iji; (jIp- Jj*a*JJ l5Js> ^j dUli* 

(Prompts) oL~*j7 j^ iij- Jil-j - ^ 

(Echoes) »«ju»Vi .V 

(Status Return) ijUi> *JV^» - V 
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Computer Graphics &fr &ty . y /*) g, V, ,j 

t£ h ii3j — J-' jj& if SjU (Prompt) a^jA J _J-l aJUj 6j& ji -1 

»l & a_L_I Js> jj*J\ ^ ___\ jy - ji^ -_ (E c ho) ___„ f i_«_» -2 

j 1 * *■ ^-'ji l»>L&s.| -a* %J-SA (Flashing) ^U:J[ ji g*j Ji Ui^jj 

jl_^ .Jl *o^J Sjjjf -jli^T sAjl^j cjL^stjJI jL_.t bSo: ..Ufctyl 

£ " y^ J 1 **- MU oU^Jt oV j -M_l J* 5jiL_pVb jc-vJl oyl* 

.IfcU J^aJ-1 -jir. ^Jl »U^^|\j _»l4-»jA £ji L. iJL^ 
f u« +1 aljU t^i J,J AiU_>.i (Status Variable) *W-l j«i» s^ui oj -3 

jLg ae ^Ji Jji__l rM ^j—J .oJU jii 3j JUdJ 4i_* Si*^ .Jswj Jl^-i^l 

3 — 4*5 y 5 - >io jl *£Jj ^giOJ-l jl$A-t Jit a ^^l jjtt ^JJo dUij _U_I 

sjLj sr j- Ji J«j) JLdZ_ll {y£ nzj\jyt*/al\ ,Ja*} aJU-I oJL* ■_-,-* Ji .2Lljl< 

jl ^j IUl fr^tJt yi jyl_l £ ti_-t lil UJ j__sA «5U M Ji (JUo^ 

«_-i 0( a — ;*waJl «J — * i*jjidl JLt .Jul; tOM .*4Ujj £ aJ^-tw. _U* 
o"Vl =M j * £}y*\ oJjb — '— — ^l J* «— ^ ^..ftjjaj 2p>tjj *j_T gt*/uJJ 

ij—A JjU-" Jys aIL-j ^^p JZs, 4 Jl_l IJl* £ .V---* oW^l il£lj 
_-L_Jj>J ^a 'GOK J>U» GNONE jj— ~ wUll aJU-l 0_£s U* . "jljC 

(Programming Input) J^-^^^ V j* 6.5.4 
OjSJ U-Uii ot VI '^^V 1 Ji ^ Liu, is**— 1, J Ui, 5f* <^J^i 'y*-^ c/^ i> 

.DC oLJU»-l a .^J-- ^ _>^UJ> j-lib ^ie~M Jl^Y 1 J 1 ^ f J* -^-j^" 

J_^yi p—i ^(Locator and Stroke) i-j^j ^f_A 4 -^ •i**^ _>!)UjL i-_J^ 
^ _^L_*jil ^.jk-U fis-* ^ .WC Jl f o-j NDC Jl DC j* ^V.jl-1 
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Computer Graphics 



£$&&). a.^&'jj 



01 



_*jj ^1 c iJojai* J^P olt# ja c/^Jdl jb ol 5. : Jax)t gt»>l wJL 



_JlftljA-J j^i ^ CjLLjJI «Aa frljflri (1)1^w*^Lj . jlju |f ^j >-** jyj Ja-i^JJ 7=i«J 



J ^ t^'j ^ f 1 - 5 *"*" U> V^l jS'Lidl ^o« dJUL* tdJUi £. .finish j init 

ys-^> £j — J 0*-»j JU^ jL^. ja J&\ l« <rlj^lj Jb=-3^J jl JUj^J J*Jl 

4_J*£ <^» Jl Ja_Ji3 ^-J SjU^I JUo^J iiJl jf ^JkJl Jljj J^ ^ ^jj .j^ 

.4AbU~.| ^ ijj- JaJI 4»*=- J^ jl**- t£l Jl Uajl Jj J*p 

U—£ i — ;>v J^-^i »jW J*4 l. Uip. *.ijl^V»j £*±\ Jjl-j >y oi -2 

Jl — ^Y 1 •j**^ ^ ^ '^•WJI £jj jf iiJ-l aJUj «jJj^ joJ ^^J U.v jg F JiU^ 
.aJUsj ;b-yu* J*«Jl oljast J& Uo^ ^.UjJl J jUi. ^ 0j& 

(Physical Input Devices) ^'J^ J l ^V flld 6.4 
3_-iJadl o!>» ^oil xJjJ ap ^ iJLis- ijf*.] jj, o^JLi *lJbtu»l .J*?...: 

«-*r— " £*j! "^ J^I Ms 5 *" « Jjfrf i>« V^i SJiJaH Sj^arf fc. JU^jJl 01 £■ .U^IjvJ 

0j_& d ->- 14 Lj«ll JLiiJ-l •j^l LjtAjt- jf iiij^j^ Jj>. jliJl ^ a .Wj 

L -L* l* os-f 0j5^ of Jl t^ijl 0^- Jl ap^iLl ;ujlJ-I Jj^Vl uy t. oli^i^^l 




(The Keyboard) j^ULl^jJ 1.6.4 

ol>_i t 9.4 J^^ — iJl $ 'vJ.\? ^JLiil av-jJ >jj" 

j^-lill ^jJ 9.4 j^a» ^_jp ,1.^ ,„U oi {jiJ j - <i \ 3t ^,\ 7u.^Ji VW^I j^«J» 

jj — "j" a* oli » fOaii-j ot Ojiu«iJ ^s Jjiiy^Jl ^-bL^ t^UUl jcJUll .«,JUll 
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Computer Graphics £$&& . C7V^<y^ // 

(Keystrokes) ^jLi- ob> Xx-j, ^ oi £1*1.1 gji^ U*t . j,j 256 Jl J-*; 
(—k~ ^ "J^ 1 J«~ ^ .<-»^ t3>; ^"U. cAijj, •_,* 5LJL, jf SiyL. Sj^oj 
i_ .j)4i» ^ — j .(Arrow Keys) ^ — -1 J*^ j^ t> t^j^ £^i ^l»^ 

i-UAi— *ll AiiJj-\ gj\A\ ob-jl J^^J (OU-ty ,y jjiT J .1$,^ \*>y oU^bw 

4 V-^Jj* Sjl — ijl <£j*-\ ol j^j (Thumb Wheels) =L*U! .-Jiji o^j-jll J 

£lJ! — ill culyi — i jf 5 ijA by* *si i^Jliil ^ <_j^aJl aJL* .i>Jb£ L.JU*. 

cr^- -jHJ- 1 L? »*j*-j* (Keyboard Buffer) ^JUll *>-jlJ U*-^. sujU ^ a^j^^i 
3_ijUU J^ jt (Clear) £~r. L.I (Initialization Of Device) jl^-l Jjfi: fU^z-l 

(Return Jl— *-*^\ j\ ibj*Jl ^bL. ajx-»ljj "tfl I* jjy ^ SaU- c*- Ji SjLi^ 2uU«^«l 

.Or Enter Key) 

^1 J \*~> { J& oJUJ** tAiliAil C->U»U«3l £y jOp J**^ ps^*^ **" _P fjk^-j 

(Logical String Device) j_> «^ ,y c-i-^1 ^kA* jV*M i*ii! Oj£j -1 

.(Character Codes) j yj>\ olyLiJ v-W 2 ^ i*-j=ll ak-lj, 

oly» i i-e-y ik—lji (Choice Device) jl^VI jU*- -i-is Lsplk^-li -2 

.*J)\^>\ o>ljL>M ,jIp Jj-^t>JU (Control Key -Number) p*jj ij^- 
jt « ; U ^.Ijj (Valuator Device) j^*- jl j-*** jl**- -M^ k^- U«l ~3 

4* .1^ (Locator And Pick) i-UJ'bllj ^ a.^ t?jl** ^iJ j^U. -4 

;)^A l jl^ ir\ ^ L.jl* .(Arrow Keys) {4~>\ && ^y^ fUss^-\ 

fl .^1 o>li ^"1 ill fUbtL-bj .4jI^ ^ c-^ ^jk& f ji: td^iJ 
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Computer Graphics 



£$&&) - aj^o/^yj 



iiJL_Jij \Jc*. 



A oul c-> 



J.I Jl (Echo Back) ts-^ "IsJ {fs. i£Ji\ £»jll jJ* 



yllaU ^JaiJl jl£} £Ull J^ yJuo JJJUj j&j ifJ^.1 JOj Jj" ry\A\ A*- J Ol£«L 
(j^-b Jvj 4.4 J 3.4 (jJjl-dl .**JaiJl (^ ij^j^ j^ 1 ^ <J* *^j — J- 1 /^i Of JLii-ll 

.ilSLiAl »Jl» Ji- 

(LightPen)^'^^ 2.6.4 
3_ipliiJ ^^.LLL oU^jlJ ^ijdil A^.\=Ll 5^#*.^i JJljt ^ ^^1 jjijl OlT 
OL_i ttfu^- ji^l oljl5o"yi ^s*A ^ j^jJb .(Interactive Computer Graphics) 
.10.4 JSCiJl .olLjdl ^ a,. j^ ^ L.jb*i~* Jlji ^ ^J^iJl JUJl 



Photo detector 






^V. 


Threshold 
Detector 


Computer 


w 









^yi>^& 10.4j£iJl 

j\ ) * *>. ^>H\ J* *& c^l ( »*-* J') S-^i ^ ^jJJJ jJ-Jl 01 ja 

(• — till 4 » l - j ,5J — II (Threshold) *j^Jl S-JLiJ (v* 1 ) Jb~ «^j i= jloJ .(-u-wc^ij 

.(Interrupt) '*—&&• SjI — ££ jtfys -J-I lJu*. fr> oJl SjlS. jjUj L.jl* ^ yjSj-^1 

t-.l—^J- C JjJI IAa fUw~li fj L Ijj uL> JbJ-l IOa J^i -^ W.^IL £l*ll jJLy 

•CRT ^i&i a*aVi ^f **-j ^u ^jjji jjuii ^ 

y—i^ cjj, iiL* Oj^i of <_^ -of ^ ^^i ^Ldi ^ l^jji jrmi t^jL^i 
^iu of i^. ^Vi v-Jim Siip tJ»udi ji^«r ^^ jjs u,a=«-.i ^j t uii .a— »^j 

Jais — -ll A^lj, as i^ij Ja* J_,Sll OL&l Ua OlS' by* .*U, J_,t OUT J^ ( JLiJt 
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Computer Graphics 



£&$&% .uAicAryj 



j*^ (J-)* 2 ^ C"^ 1 f t^j*^ J 5 ' 1 -^ >Oik* .*£* *»Jj ,J jvsJl JLaJl <w»j ^ *jj**o 

AjIp jjh L^p i^jjUJl ^Ub- ±& frJ ^aJl sii aUfc. -Vignetting) y j-^ J*U# Sylii 

i_L.j>- 5jz-»ji «kU>j ^JaiJ L.XP Jj^waj CRT j* d^-Al c^-itll JwU>J O^ 1 t) 

^A\ ojjii. J I* Jj- Jj liLss- (Triggering Event) £^1 ^i-»Jb- JjtJ Oj£j 
J- **-» - ^ *»j*tj - J 33 *- ^ Ja 31 - t/»j«ll J^'jiJ J^" '^j 1 -^ (Refresh Cycle) 

aJs -~» ^glp jJjvaJl nJLiil /Jj* Ol^ jjT 43JLj ljL-j- <*j}aJ.I «.)?7..»" (7-dill tt)J?- 

£_iy. juj^ ^1^*^ (^j^Jl pJLsil fU^u^f oil c(11.4 J^CiJI) cJjJl eUi jup CRT 

V*JIj Ltlj ,\j> j&- J,l J4«. Oj£j (Locator Device) 
(Pick Device) J»ia* j^S ^>oJl jjLiJl f Lwa-^f 

?Jb*2y»j (1)1 r*l*U ,JP (j**^ l(<^f«-J^ w— J.I i«jjait j»j> 
.Js>l SJ) jl$ *£" IJbr aJj$~o i^JV^ 1 fJLSJl flJbti-l 

.12.4 J^JI ^ l^ (Display File) 




^•j^ji ,juai 1 1.4 j5Liii 




yTj^llplill 12.4j£ift ' oi»l* () "J* jll ^uJl ^ jjjlb OjJaJj f jS oOjt 

.(Pick Measure) J»L_£J'ill ,/J JLp J^i JJJ l^»y> (f Wai ^ ^ cA 'C^ 1 

3 JU-I oliU- -up gu-> (Locator) gy> z±*~f ,Jj^ ^ f*Js«->l •*^ W 

ojjl 4 lil i Jlall Js-- J* . c ^ cu-- iJjSl» oUL^Jl ^ U ^i-T Jp L^. 

JUS^—I U*^ ^Uil ^ tJ3=* *4a» j»—j s-l^t (Threshold) L»^- ^ s.y£\ l±s. 
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Computer Graphics 



Mfrty -yjb&'jj 



&±M ^»i •** Ji^ ^ gs ^ ^ t*^ *M^ {$**' Cjh (Interpolate) 

„ ^ dAJij a-JJi. cyl^lw X;?Jb Ijy^. <Jl£& Vj**Jl f!A*Sfl J«r U^U 

<__mJI «J * ,y 0*J.I d^aJl c)j£J \J&J ~*J*4> 5*i ija-ljj bjji iv»jl*ll ^sja-. 

* i; L»l *)■._■?■* XiuJ.1 «Jg.:...,i • jljjf £• ^Jj^Jl ("^Sfl Vi^V (^ ^ ^^ 

01 f ISJ j jJl £J* jf i(,JUll «_i> J^ jj\ OlT IS| t CRT o-j (3y ^Jl (J^l 

Jl ^aj OJj -f-J-«3l aJLp jJjJ aLjj ih.Jo jjJl (Jaw .jJUJl i_JU- JU> ^JL 

(The Joystick) j^n-Jl Up 3.6.4 
dl-Jk jl« — *■ tf> ijls- .(13.4 J^Jl) ,»£*dl Up 
*l — i\ (Two Degree Of Freedom) ja-i-Jl _j> «i,p*U uJ^-j-» 

(Two ^4-Jrl Jji ^ ui-Li* ls^ ps*! 1 Jl" Ji !•** ^-^JiJ 

CgiAiz^A u9*^. jHJd zjji 'ojjM M* .Potentiometers) 
^-mJs> jl«* j^l^Jl Up J*£ ^.jSCJi j£iJl IJL* Ji>. (Registers) cj}U~J.I - 

.UawJl ^jlp Syj* jj Jja-'ljJ 7-JiJl jsf*r Oj£« oiLp .fSy -ViJb»«sJ 
c£ J ll s- tJ £Jl ,j£*J (JJ^ V^l* - ^ j>Jb«*«J Ulp *5C?JI UaP tdAJi J| SiU^L 

JiP JLJl-^il l «Ja»J J* i_JljiJUlS' iJlXj* t\y>?\ w *^>*Jl UaP y~-Sy *^ L» "UP 

.JLoiwil ^Aj^ L«JiiP jljiiwi'i/l r-^>y ij,[ U«*ll a j**J L^uJl jl ,i^l 
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Computer Graphics 



£})&$). v/t)cA>i>j 






fZh+ 




(Zh> 



U^ — ^j£ -\4Jrl (Jy ^UL. i^U-jji J^ (Integrated) J^l5o sULj> <^y4 ii~>- 

jLj — *■ Jl jl^ — sM Jj^ ^ iiJJi ftj^j ^ii^, ^ "^(Velocities) %_y~£ -^A-l 
£—**y t <JS WuJl ot L^al jjJ .(Incremental Or Relative Device) { g~^> J £■*££ 



4r 



AP, 



_aJi 



^) Sjol^j ^j 3 " tiUJl .Sjiii* V-L* 0- liJUbr (1)^1 jLfi-l t JuL^L .o/^tax-Al 



.a* -aj ^ jS^Jj ap^^o ^5^. ji-ij (]js )a*! jl^-Vl £^j- -^ Sja-SCil tf'jAJ ^j 

(The Trackball And The Mouse) jiiJlj jUU 5jf 4.6.4 

I ^c Jl «j» ^ Oj& gJl jLJ.1 S/ - j*> 15.4 jSCill 

c Oi} .5j &l jjjJi liJUij O^Jrl J> t/Ls |»J j^ A .i : . J .\ 

L^l i*^. i±-s~ i 1 £*m! gy J^ jVp? ^ SjUp jL-ll SjT 

L^aA y->y* i^iP- { Jl& ^j LftliJSj jL-il SjS - UJ^I jj 

^R ^ ^b jl&JJ f ^ (16.4 J^LiJl) /UJI j>±i jl^ ,> 




jlUl 1/ 15.4 j£ili 



/UJI 16.4 j£i» J 



i a ^ _,! aJi Oji>3 ijii .^-JiiJi oijiii jJ_^ o^—iJ ^ 



Jj 4_S0j^J -» tliJl . Uiv .- U jjAi£. tijfci i^H ^ ^-^ 
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Computer Graphics 



&%&% _ qyyty&\>Sj 



.16.4 J^Ail t) uvll jtiJl jU* 0} .£Ull Jl juJJ SjLil V *Uapl OjJb J^J* ^fj- 
-i-^oj 4*^ j^ Ji, ^^1 a*JLS 0I> iJUj .(J«4l J> o" 1 ^) (/o^ J* 

L-i'il .JU-I cJjJl ^ S>jdl JU^V 1 'j**-^ V-Jli U-ljJ ^ J^ 11 J^ HJ 
OJ .flJWj— ."ill aI$-*j (Reliable) L§-1p :>j« jf L$Jp aU^VI jj->^.j fcklj *^ o»li 
(, — 5U.JI UaP £• l/»JLiS Jl 4jUw. Oj£j jtill £• "tolaJVij £»jU 4>J^ ^^ -K^ 

.juJIj *-.jll jl 'ibfujt- jj> oliL) <Jb=-iiT oL^il ^^kJ L-JIj Ijjjj^* Oj£j t£Jdl tjU" 

(Data Tablets) oUUt ol^-jJ 5.6.4 
£1 — *il jLjjji fJJ B .17.4 JSCiJl J 4~Al oliUl 'a^J 

^S-Ip (Stylus) J-sw—lll »jil £fy. JUc-J.1 f^i .ialja* *ilj£ 
I j — >\ *JaZ «J iljsriji CjIjLj i>-jll ij^Jb .ilAjLJl 3b- jj 

il!A_«.t j>p J^jJ ,^Jl :u«J?bi*j jr $S' oljLil ^^w^ J-*— ill 
J-*. — -Ji Sjj| uijt. JLc ji t-JUrJ ^lp uf jj eJUU* Jbt-jj .Jubbi. iSa <_J J-»-Jl 

(Stroke * — ;^v» jVg — * jt *ij* JU Jl*£ jL^kS' oliLJl J^jJ *Lbtu-l Zu/LS" 01 

$ — ^*V^ ^J^i "^AjLJ-t 1 /wj £«j cS^Sll LJjf*-lS' Jd.L .Ut^lj OjSO Device) 

^ « ^.j. U ^-i jLjJrl I JA jUall ^ijil JLpJl^ 01 .Uuf JaUlJl jl^^ ^lOs!,!-! 

jl*-* JO& ^«. ' J^ 1 Jsr- t>- • ^^1 t>l>SU UU. oUUl ^ cjI»L^. 
.cjLJLJI *>-jJ ^ t-j*. ^ ^Jli. a^-^J Jajaii Ak-ljj (String Device) jj»^l tJuo 
t ol — iLJl 4 — s-jJ Jl ajU-. L^ftLw ^*j (Touch Pad) ^UiJl jiliJi' Sj^pI viAJka 
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Computer Graphics 



&%&&) . oSbcfajj 



] r j£ 



ijZXf* ijj^u Jajo jf A.iz.~»\i \*tjA\ h-ty tCRT !l jja— Jji <J 

.(Finger Tip) ^U=»Vl J>-Uf f*>- Jl ^j-Jjl a^L-. J^i ^_ai cHiUJl Sj^ 

(Graphical Devices) VVrt **>-*>» Jl^I «j^r( 6.6.4 

•j^j jt Si d^Sl. UJ M^-'j Mkdl Jl^-i^l Sj^rt JU J^aJI 



\ -JLLP 




iJj^ jljjV 18.4 JS^JI 



r— — 




Mm — ►'Max 




1 - 1 


V 


V.' j- ■:. 


/ 





b (^*!^" jW^J A^JjUll J^)^ j^ o^r^fl 4 JA ,5*^1 
£*■ J JLJ jL^VI J^ JL^-tj t JliU J^ JLP .jLjJlT 

£# 1 ^oJ jjSo 01 olSl.NL .oljL&M 3lJ^Vz. Jajo jLs*» 

4 J 18.4 j£iJi J Oi^ iS-i^ "jU*" <xj& olS^^L jf 

u^^j Ji^ — ~-il f j — «j -(Light Buttons) *^yi> jljjl 5J!)C 
Oj— SL j ^T jyil; jl^ps- (_£i jl jliJl »|jb^^ul ik^ljj djL^jtl 

sjUi Jjoii 19.4 .psJi ^_^ 1 . Lu-f .-JOU jliH J^- ijarjli JjjJl JLp (Click) 

^y-lp j\ iJl (i^jil <jj£. i t~~ d9.4 j£iJt J Cto' L* 5 " (Valuator) ^^aII JLis 

. jl^Ll IJl* £» t^jjlk* lSJ^> t^I J±i? Jlj (Nonlinear Scaling) Ja*- jj> 

(Dragging) <--*t-Jl 7.6.4 

!^Juti «Uju& dJJ ij JOJbr aSj^ (Jl ^-ij^- *J ^j-Ujj Jji^^* 
jLj-s^T jy-iU-l jLjJrl fU*l~b ^ ^jl .5^Jj — ill A^j*- 

jLg_— wS' ( Ij^C* *Z}J*i) j\^r\ ,jJu ^^ft^-J tJ^LiJ'ill 
2 £ Il 3 — «Jm11 4 i^br £*>• uljju J^-l J/* ^»_^» JJ-*^ 1 




20.4JS^Ji 
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Computer Graphics M &<® - g/fr & ^JJ 

jr l yJ\ i_*kiU J jJbs- gy Oi-w" J*-f j» gy UL 3*JmJI j^JaJ 1-iSOo .LjJ»UJl 

Vj » Oil .£*jAl Ultl 3u^.Ui-» <»ju>> 4*U2>I JjL£ U^J .20.4 J-CiJl £ ox* j* l**" 

Dl 4 I £-L-Jl dUSo: tJuaJrl *i^U ^ oL.jLw J^Jl. of JUm.JI Vry s-Ua^l ,j* 

^.jL^.^1 li * y* bfi* A .«_>jlUl £»jil Ji jI^aJLI J^LiJl o* ;b: '^' V*-^ 

.8.4 -M t) a^ <_ij-. ^JLII JUo!)U *~dl J** biJbu-l jj J^iif 

(The Pick) ittSXhh 7.4 

3_Jao Jb^lu. .3L»JaiLl Jl^i^l ij^-V ^»j>*H Vs-ll i^=»r-l_jJl 4*«Ij.Aj f^*i-* <^l 

:g; *j JlSLity -kj*£ U^UjJ i-jj^ '»^ $# jLa^l 

(The Pick Device) -blfcM jl*~ -1 

(The Locator Device) ^SjU Jj-a^ jl**- -2 

(The String Device) j_yjJl Oup jL$*- -3 

<i>j — U Jai Jl^ol J*sc*~i~. .(Sample Pick) *~e i>l£Jlj (Request Pick) v 1 * 9 
.(Layout Program) Jl£ity Js-Jaji gj\ij> ^ i\£*i\ Ju« (Event-Mode Input) 

X — «JmJI iJy>T y>j -L«j t^oJl jw-fc jLfss. jp o_,Lp 5]^JlI .tUd'tfl jl$s>r OjSC 

I iul .(i_ Uah Ja C J) ^JLiJl OjJj- J» 4*1^ Jl JLoLJlI JJ ^ IfcJl jljJil 

J UopI — ^ c5oJl tJ^Ul^l ,juyu j>jj (Return Status) «Ui» aJU-I ^UJl ^.jwa 
.Spill tuljj5J.I JLLu ^} Jaljj OjJj a K ■.' 3lpli^> «lj JbbS' 

.l^—ii «.j3s- (^t Jl juilJl a^u-Ijj Si^L. j-Uil ^ ,jCi ^ c^ii J t/ a^l > iJl 6 i* 

.(Request -Mode Input) JUj^J i_Jja]l Jai ^1 Jbt^l 4*^ ^JM 
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Conyuter Graphics &))&% _y &q/» Sj 

^A JjJl 4k^\y. fl^W f A«UJl i£j& Oj& IJii <.i*~.\j k, 3j a b Jj o^v»l 

: (request pick procedure) J»UWl .^ik ^i J^u ^ 

void greq-pick (ws - id, pick - num, pick - st, req-pk) 
Gint ws-id; 
Ging pick-num; 
Gin-st *pick-st; 
Gpick *req-pick; 

■J — ^ ^ £» -^ *~z ^i i£J& J**ll "4^- ouyo yj j* ws-id jb-Uif 
J — mII *]o* dAkf a* . J~Jl aJs^ ^ ,^^1 i,UU^l ji^ ^j y, pick-num ut 

A. »U- yjlp jli]» jl^. Jajj ^ Ji t ^i. u-ij^aJ . -JuJ.1 .jLL^li 0>-lj jl^^r ^ jiSl 

"1"ji »jll c)t £• caLUu jjal j£3 aJLiJL^ i_^ Ujj LJj* »J>dl C~S ~Sj .A-iJai. 

(Using The Returned Status) Stall iJLM f UAs*l 1.7.4 
(Enumerated ->-a*U a!j15 oULJl ^ *- j j& SjL*- ,.* pick - St »al*il aJU-I 
tr — JU fete} ^ . GNO-IN j\ GNONE, GOKaJUI ^aB a>-( jl~ ^Jdl Type) 

f j «j \ ;Pi •p^J^ ■J^^-J i«-^i Slil O^J Jl^i^fl cWj=rl ^*" ^ aJU-I 9y 

^i—ij s UaJ* *=U~ jt Alt LfJLJi ^*j tGOK ^a SiUll 3u-2Jl oils' lil -1 

.GNONE Stall aIU-1 0j& i £^J» IJla $ .iJU^bU aLV5 a4»5 Ji 
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Compute, Graphics *)jBd*B - vJ§o/*JJ 

J J ^ . jl^J-1 r-A JLUp JaX ojjadl Uij L. f,^i ci>JK aS tlj^fj -3 

^L_-^» jj jl ^1 * ^Lla» UIp ilL* JL*jj ijldl J,-* JL*. .Oji-ll 

3 1U-I OjSsJ CA^jJl ULa Jt» () . Jl^i'yi S-JU" ^ i-r'JjAlj . l. «: ««wJU £2^! 

.^^p Jl*ol oJisi ,1 jl g-.UjJl j^ ^Jl GNO-DSf ^ S^Uit 
oA_* J £ S ^1 aJj^l oUL&l J»Udl j&L "¥ dAUJ ci»kiJl J^b (V-jJl ^.L-w 

c5 ., ,ip i ftjivw-! ^ • J^ l^ J^ 1 -^ c^ 5 ^^^ *) j'j* il ^ 1 f **** • 5U ^ 1 

f J »J \J& .(Visibility Attribute) 5j jjl **v» J}b=- ^ *J_^— j l$ii»- jl *4>jUJt 

5 Lit jj P - V»»H «JL_A /*-£- J*»r UiSCjC l^JU^I 4s~LmA J»l£d^ i_^j*» (^1 i_JWJ 

3 — LIS js — p ,y. Uaf (Control Segments) [^dJl ^JaS U**- Lit ^j^j .<jLi£Jj 

JLu'li t^. <jjta" ,^Jl dLU y* l^ULell j^lJ.1 Sjl>-jJI aWI <jj& IjlA .UU- iJl£&J 

:SJUl Ai^l J 0j& aS (Initial Loop) *a-lJ j\JH\ <2U i Oil .J\£iSU jLa^l 

do greq - pick (CRT-DEV, PICK-NUM, pick-st, req-pk); 
while (* pick-st !=GOK); 

.4. ...£y ixiti s-liolj JUdlw>lt f «i jV- UL>- wi tJiJ juj l_Sjlui KvtlijJl , Ija:" ilJlS-a 

t ^"^ Cr* t£' jW 1 *' («* **»l*Jl SjJai-l 0j5j lili-v. A«)ai «J ( _jfl» ! -l£ JS* OlS' lil 

0j_£> Js <j£jj t«j%-U ujjL.Vl Ua 0_j5v-- .*-»Utl ILoUJl JuJUiJl Uj < g$ll viJaiJl 
si — * J j .a — y-lj OT $ **>jj*>j aJI*» 5iJUi« oljL»ii »5ljS iiL* cJl^ lil \£jy 

.JsUd^l »Jy>i >«j flJbii-l y> Jj jUI aJU-I 

(Pick Identifiers) JjUsI'JII Jbjitf j^j 2.7.4 

4__Jl jl ill i\A\ i_-f >Jl jj^^ (Viti-J cGOK OjSj SiUil SJU-I ^jAi 

•Crf}*- <j* ->l*ll >-r^O" t>j&! -req-pick 4»-«Ijj 

typedef struct { 

Gint seg-name; 

Gint pick-id; 
}Gpick; 
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Computer Graphics jb/jb&ty - Ctjfy C/^jil 

j — »j ' »i .sjailil A«Jaill <Jy./u >«j y seg-name 4*J*i)l t»*o" >«j O^sCi 

^_-JI U* LJ ££. .4«klJl J aJj^l i^.UL£il ii^a ^ SjU pick-id J*UuW vJuyu 
5 «kS jiU&L f j£ 1>*Up .libit o>L.%o 3*laS ^^v* SijPrjll aJj^I oULSOl jsit 

void gset- pick-id (pick-id) 

{ j*-ja 4JL-!)AJ| 4-Jj^l oUL^Jl *^ t*-l>*-*^ t^* "M 5 (JL»- .^«k«Jl i-ii_^> j>»-^ 

.gset-pk-id y> j^\ 
(Setting up the Menus) jW&^t ^ j9 J10P» 3.7.4 

<_i jjxl jj>j I4J *Jb*i»»j ,%Jl jl*^-^' ** 3 ** 4*^** 3Up"}f J*^ fff^y. tji *" 

static Gpt line-pis [ ]= {{ 0.5; 7.875}, { 1.5, 7.875}}; 

static Gpt circle -pts [ ]= {{ 1.0, 3.375}, {1.0,2.5}}: 

static Gpt text -loc= {1.0,U25}; 

static Gtext- align center = {GCENTRE-HOR, GHALF-VERT} ; 

gopen - seg (MENU); 

/* Use Previously Set Up 

Normalization Transformation*/ 

gset - norra-tran (MENU-TRANS); 

/* line icon: draw a filled box as backgrond and then line */ 

.(Ja=U f yj \J^S f.^£ jltj ^J :Ja-M ,j**\£) 
gset - pick-id (LINE); 
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Computer Graphics <g)J) <j«ij) . yj§ <y \rjj 

fill -box (0.0,2.0,6.75,9.0); 

gpolyline (2,Iine-pts); 

/*use two filled boxes for the rectangle icon 111 / 

gset - pick-id (RECTANGLE); 

fill-box (0.0,2.0,4.5, 6.75); 

fill-box (0.5, 1.5, 5.0625, 6.1875); 

/* circle icon using implementation dependent generalized drawing 
primitives*/ 

.(JLidl ^lp SjujjJ.1 **~xll *Jjty oUL&l -— .j ^iJbtL-L lj\ jJt L /» i LJv) 

gset-pick-id (CIRCLE); 

fill-box (0.0,2.0, 2.25, 4.5); 

ggdp (2,&circle - pts, CIRCLE-NUM, NULL); 

/ tstring icon*/ 

gset -pick-id (TEXT); 

fill-box (0.0,2.0,0.0,2.25); 

gset-text- align (&center); 

gset-char-ht(l.O); 

gtext (&text-loc, "ABC"); 

gclose-seg( ); 

/♦make segment detectable*/ <Jla£1J iL\Z 4*Jai)l Jju-I 

gset - det (MENU, GDET); 

gset- c-Ly-w^l aJL-Ijj ..iiSClJ 4JL1I* Oj^l injaiil jIOpI ^ cAnJail jlp Jbu -2 

>-* **Ja«Jlj c_i^£U JjI* jup L1J9 Ai^Jl « Jl ^>\y?)l\ JjjJl OjS^i .det 

.LjUiil ^So: "il l _Ls£lJ SLUJI 
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Computer Graphics tb/b&ty ■ Qfj^ C^yj 

Ot £_ - ttj i&i A — lili dj— SCj ^_ S3 ISy 3*Jaill j£j t)t ijiJj, UaA -3 

L_A 4__Jy. jij .J^iSOJ aJLU ,4*5 £. aUp j&t. L. Jl v^W o^L^-YI 

J eJ tJliU J^w. ^ip .J-Jtdl JLp JJUU* i>UdVI flJb««.l (V-^ <>*** 0j5j 

.ULJktyl aJLp J»r y> Sj£i!l c^lT La ^ . t/ a^Li JT JLili- ^JT dj>. l^-bs^l 

S^ -^1 l-i* • j^l J^la £»j<. (^t JUP Js»UJ"VI )[#x. £j£ L^Uai-V IJaJ tUfr- 

^ — LP Ojil 5 jiP AplLl oljjSCil UjSo (Af colt jjJaJ.1 c ya«j £■ US^T jS- OjSo 4i 

i^l »j)2lAI j-. JuOP *-. Sjj*-^« ills- oJl* . JLdJail Siiadl J^b i jap j- V* i3Licf I 

JjJLii OjSCj jS .CRT'S JLpjSt&l **J&\ i^-jVit £. ,^lj-i-U ^Jll l*i fJbtu-j gJi 

3 JLp *i^*-b .Lil^U jj*~ JS "^Ij .AiLfit Oljlu o^jijf 5JS - tj^ A?-L«-« flJbW—1 _j* 

JI^Jl . <u~iJ ^UJl JLp jl jCh'p 4)aJ^\ ±>Jo$-\ Js- L.] jijUh diJij J»lity1 

J»i|j j^s- jl) Aijalll ^ JLiU«ll A> juSj «l)t t_-£ (^JJl <~>^ <£±* \* jA OjSvj L» 
.JLaJl ^ «JUit» OjSj --JI jj^l t5"A»-l »•** U»it **)aiM dit -blid^ (Aula 

4 iUJl »* -1 fJAio-j tc oil x ^^-LiJl jy j;j«Jl h£r, tl-s- t J»Ud}U <Jy>J 

static Gptx-pls-1 [ ] = {{ 0.0,0.0}, {1.0.1.0}}; 
static Gptx-pte-2 [ ] = {{ 1.0,0.0}, {0.0,1.0}}; 
static Gpt arrow- pis - 1[ ] = {{1.5, 0.75},{1.5, 0^5}}; 
static Gptarrow-pts-2 [ ]= {{ 1.25,0.5}, {1.5,0.25}; 
static Gptarrow-pts-3 [ ]= {{1.75, 0.5}, {1.5, 0.25}}; 
gset-Qorm-tran (CONTROL-TOANS); 
gcreate-seg-(CONTROL); 

/*theX*A (*u**-^) 

gset - pick - id (CLEAR); 
fill-box (0.0, 1.0,0.0,1.0); 
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Computer Graphics 



M&®> -vJ^d^jj 



gpolyline (2x - pts-1); 
gpolyline (2x - pls-2); 

/* the arrow*/ ((•-**" j_/*>-l-^) 

gset- pick-id (EXIT); 
fill-box (1.0,2.0,0.0,1.0); 
gpolyline (2,arrow-pts-l); 
gpolyline (2,arrow-pts-2); 
gpolyline(2,airow-pts-3); 

gclose-seg( ); 

gset-det (CONTROL, GDET); 

(The Control Loop) »jk-Jl 3jji 4.7.4 

Jsl «JL f j flj .aLLwJI j* APjj ^ «ej»lijjil lflL'CL SjJaj^Jl Ojji 6j5j (I)Vl 

_j_»j JIp l-JU^t* tSj^.-Jl 4*Ja» Ji jir-i •— ^1 Ol^ lit .A*h^\ ^1 As^a ^ OS^Jlj 

,Jl_j j *J -^.j ^lJbU-1 -i tjLSCify **j15 jLs^-Ij L»i lil .\tj>\ diall £**- *-»j 5^W 

/* until exit picked */ ( jr j^ 1 J*LS=iV ^ *^) 

do{ 

/* make initial message visible */ (^^ SAaJI «JL»j J**- 1 ) 

gest - vis (INITIAL - MESSAGE, GVIS); 

/* request pick until segment selected*/ 

do greq- pick (CRT-DEV, PICK-NUM, pick-slat, req-pick); 

while (pick-stat ! = GOK); 

/* control segment picked*/ («jJ a s-< **& JaUdl) 

if (req- pick, seg-name = = CONTROL) 
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Computer Graphics &$&$) . Qj^C/^yj 

if (req-pick. pick-id =■ = CLEAR) 

gredraw - alI-seg-ws(CRT-DEV); 
else exit = DONE; 

/♦else menu picked*/ 
else switch (req-pick.pick-id); 

i 

case (LINE); 

{ 

line( ); 
break; 

} 

case (RECTANGLE); 

I 

rectangle ( ); 
break: 

} 

case (CIRCLE); 

{ 

circle ( ); 
break; 

} 

case (TEXT); 

{ 

(text)( ); 
break; 
} 
} 

} 

while (exit ! = Done); 



^ Jij (Circle) •>* <; (Rectangle) J^k-U '(Line) J»^-l oW^r} ^UT a* 

.jyoUdl -^jlJI d eyW^l «J* &■£ fe* .(Text) 
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Computer Graphics 



&%&®> ,uj§&*jj 



Mode Selection And Initialization s^i JldP)|lj Ja*Jl jLsM 5.7.4 
L_i^c. Sal p .greq-pick *lj — jv^fl l$»s-k4 ^lt oLJUil ^jJH . la . jal b gsample-pick 



iJU- J J>Ud^l L»Jb*iJ JL«3 .iJiia*J* Jy Ji-V^l i) »j-^J* "set pick mode - i>l2=tyl 

"the initialize pick J»lJfaWl JL^c" &1>*-1 fU*i-l ^/xj: .(Default Stale) ^l^iVI aJLiJO 

.(^JLyaJl f- j^ J»lidVl mj> Aiiljkl (Paramters) cjLJUII ^ *Js- o-tJ 

^- j — 2^ -^ — >- (Device Initialization ) jMrl -**•* J j»- ^-j^ Ji*U f _y»j *-*>- 

^-^ri^Jl j?cJl J^ (Prompt) VrjJ'j lS*W»U ^IjB^I JjjJl 0j£> .^ijll jj^i 

(High Lighting) 3 ^jil *lj*-Vl jLfbl j ^j*-* *Ja-»ljj <£UJl ^jIp jlgA-l v 5 * 1 j* 

.Akidll 4«iaiH (Flashing) ^Icj jt 

(General Program Flow) £»tijJl bull LiL-J'iH 6.7.4 
-21.4 j£iJl i) Ou* {/ills' (Flowchart) ^L-JI Uai* aJo-Ij} *i^j jS^j J\£j.fy 
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Computer Graphics J>^> <N) - C7 />> G^ ^y 

*_*Ul Zjj—ity & <j\ j\ g r w* jl J.Udl jl^. cjV^Ul ^ Oj& U«, 
5U*. aJl«j s.Ui^| o!5U A\ Sk f-btu-j JJOwj i-i^Ujui jUadb ^UjJl *_>!, ^->- 

jj_p a i£ lSJ*i **j\i j^. JuyjU UUi =LlUi JT Lu- of J&. .(Recursively) 

.<U»M (Subactions) v^l oLlUdl ^ 

(The Locator) ^\ Mm 8.4 

"CHOOSE FIRST aJL—^l ^ — ■ ._ki4 ^Li jls»M UjUL^, of ^jil 

.Ja^JJ Jj'i/I iil^Jl Ajail j^l ^* aJUjII ,^. tiiUJl JU- ENDPOINTOF LINE" 
p h* * (3 .5 — «jl«il *J — * ^ — \s- Jj*op*11 *Sj* aJst j.lJUi-.l JLiu-il » J"--; 0^1 
of e PjJ i*Jli Sy. . «Sji1 JjJ^j i»l&bU (jtiJlS') jl^Jrl ^JC ^z^j oUjJadl 

iJ *t 4 Hj. 0j£? liA .A-.IJ JLp J^yaJ-l JJ jlgJrl £*>^ f^lJ U»j JLjG«JJ t Jaj6 

(sample * — \s> gy aA«i *Jb ^ V-Aj i~.L» (request locator function) <~ r &> gy 

■locator function) 

(Request Locator) gj» •XijJ- <-lb 1.8.4 

void greq-loc (ws-id, loc- num, in-st, norm-tran-num, loc-pos) 

Gint ws-id; 

Gint loc-num; 

Gin-st *in-st; 

Gint *norm-ttan-num; 

Gpt »loc-pos; 

(Pick J*i_fcW j-^ijf d if— * *— ♦*" U — -* Jj^ 1 **** ^W*l*ii 0j5j 
5_4ast k jl^- t^fj J**JI ijasi JJ/ j>ij Oj$s lit- ufc^ f j 55 .Commands) 

3 JU4 v^JlT IM .(Status Variable) ajU-I >a. bW ^ .4JLm=-.l j <_-PjJ J~*J» 

^jL^ll Jij^Jl ^ :l^j &s*i\ o>*& ou*& Jl >» l ^ : - 'GOK ^> «Ull 

.WC frUai j *JaiJj 
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Computer Graphics 



£))&*$ . uj/he/^yj 



(Inverting Coordinate Transformations) OULb-)|l £>%y*A\ jSfi 2.8.4 

0j_& iWC *< *** l5 4 ijW.1 AJUjLw Oj£f jJWl gJ>\ij> 01 ^ fr*jL>. 

J^ ajjg. 4 f t£JL_ J» i£>: -11 Jlic DC fUu t) ( _ ? 5J^-l jl^-l ^ S-ftl lU^-dl 

t\ **• ^ JUi^l oliLj Jii J-Jl *J*£ J^ ^^u. >\£\ U^ ,lj*j -1 

Jl_>O^I jl^-j J*JI 5j3# JLj J^CJ fjii JU^J ^JJaJl of Lc.j .NDC tUii J,l DC 

Ji WC Jij4 ^-j^- <a*i-J jf aji ilia .WC Jl NDC fJ J._^ ^ -2 
fr-* i$\ r\*\Aiu*\ t I JtA . 5jjL«1i cd!)IjjwsiJI ^ iop ijjjjo /? tUl^i ^ of £* .NDC 
iiJU-1 oJl* Ji* J .2i3b- .Ja^f U ijit! 22.4 J^-iJ* .UwIp 0j£» Ji cJ%j*cb\ »jla 

0^_£j 01 ,_- iu^» Jb-lj Jjj4 iiUL* 015* jJ (Oil .Jb-lj l£jL** Jjyi LjjJ OjSC; 

(World * jjSJI oSill\ eJm> o\ .LJla *j*-yj ^l— «-Jj«* *ij>J lj& t'O'Jij^ 

J_£J (Unit Square) «J»- j ^ Jl Jii *~*ll (Viewport) 4*3^1 V.*j Window) 

.WC *> — •£» d £y>£ *"**> NDC s-W*» <jj ^5jil 0j5j C4JU-I »A* J .NDC *U*» 

J greq-loc sSj—i^ *k — -Ijj «Ull WC **-» ^1»« J~*Jl *k# J^ <j>^*j> 01 

j* lJi» Oj£l iJflJ monn-tran-num 3~»i«li ^ jL^> K*Ji\ Salpl ^ loc-pos v*!*^' 

.(Inverse Mapping) ^s—iCJl J*Jl J f Jb«-Al ^jL«ll Jjj»«-JI pij 




I ^ jO# o^Uji. 0Ij»I 22.4 JSliJl 
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Computer Graphics 



£&$&&) . &jty&\ryj 



£j* * *Jj* ^VJl/" ,_/»jP fO«i villi j tuUidj £■ UUt^Jt . JwJl Ak* VJj ifljj 

greq-Ioc *l_, — ^\ p^L aJU-I «jl* J .^S^il ^0*1 ji^. ak-iji \^i.t< J*s. "^ .^Ji 

.^JLill &)ty Jbu GNONE aJU- SiU>i; 

tJ^Liyt M L* .23.4 Jiill t) i^. LlSw j!Sl aJU jUp^I jfc. -UtJ olfl 
Oj — £ .liL- ^^11 "0" tf jLJU Jij^ 1 Jl tfUyi* iJLiaJil JJ ^ U*bj«; f 

:^j libit cjVU- aJ%' iSL* 





^ 














4; 
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II gy jJi# oIUjl. ai^al 23.4 JSLi3l 

,'270' uOLjj^ii 5ijj **».-* J *-~Jl t>j^ -2 
.l^^-l #Aiil o^j^dU 5jjj ajIjj ^ 0j& ikiJl l>? -3 

tu. ^>>Ly^\\ cfL&t* '**j** Jl ^^ -~!~t~>. j^ J* 3** ^ -^Ji ^ 

.WC s-L— ^ j (. s» Ji NDC *U»» £ ^ Jij^ f^rf^i ot greq-Ioc s^r^l 

(Viewport iijjll =blji a_i_-» ^Ut J^ l~-» J~*W *■** J*£ GKS i^ul. v-JL 
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Computer Graphics d>))d*j) - VStyc/^yj 

5 e i ! __o.f c f iiUJI ik*M\j> hh "^y. J^J :i s*r-l ^/v^ OliC^L . Priorities) 

:(set viewport input prioritiy) \ Jj tyjj cj'i/b'ol 

void gset - vp - in -pri (tran - num, ref - tran - num, pri) 

Ginttran-num; 

Oint ref- tran-num; 

Gpripri; 

(Reference 3_,«r^ 3 , jj ^ Jl v~J (GLOWER) £>» j j» (GHIGHER) 

c -s J=«i~ll gjg"«*j ts-'j^V 1 '■** C "-"i -pri ^ J* 15 ji*^ ^ia-'jj Viewport) 

(Entering Data) oUUl Jl^ol 3.8.4 

^IjL-Jl jUpVI Jai; -L^-UJ .(2.4 J~Jl j&l) ^-L-il oJUL '1' i£JL*li Jij^l <^«S 

:JaiU A«JLui JjSlI i.L*Jl <i»* »>" i^ 1 

Gpt points [2], loc-pos; 
Gin-stat status; 
Gint tran - num; 

gset-vis(4,GVIS); 

do greq-loc (CRTDEV, LOC-NUM, &status, tran-num, &loc-pos) 

while (( status ! = GOK) 1 1 (&tran-num !=1)); 
(CHOOSE FIRST "Ja*W jytfl Jbl^l *k£ ^i" =dujl J* 4 h& #yJ- 
C*—5s **M J*£ iiUij Jj4 JiJL aJL-> 9 Jl* LuijI ^ .ENDPOINT OF LINE 

it~?- l5^M,flll *Sjil JbJ^ ( Jfi J*a£ ^- *Sjll i-bft C^^-JU <-JJaj ^^.i^J JjJUj j 

JL_jJLJi J Jl*» £-14 01 dUi Ja>-"y .(l)f"Jl *>-\~l (^jUJ.1 JiJ**^ (»Jj "^I (^ 

oil p^ JUjjaAl ^Jbw-J <^JJl t^jL«il Jjj*^ 1 *ij _jy ifil <- { j£> ^ l**k>-j (&y 
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Computer Graphics £$&*$ . Qytyofvjj 

*JU*Jl oJU jLS'i £-\4 Ojuj .kjUall pJ&\ yJ* vi)Jj ot ^ JlSldU fJLA^j 0^1 ^i^ 

JU$ c jAj ^ ?y*>y rj5> Jl Jiii— 0^/1 .Ja^-I ji— j f -j^j v 1 ^ 1 ^l^Jl '^"^ 

.0^1 jJ- J-tf tffAJl (Imtializatioii Of The Device) $*M 

(Device Initialization) j Vrl^ 4.8.4 

j£ jo 1 ^lj^ J^iJ J^f ^ ^ (Initializing) «oAJ ^J xi*t Ja*l 01 

3 lb JLitJ ftl^t .Ja^ 4*Jsi oud ^5jll jo* f JL*w«J (JuS' jLa^t ^i J^tJ •J** 5 ' 

4_t*jji iJLft ot ^j^ ii« •(>*>■ ^ o* v^y a-s-i-iJi ^ «^ j^" c? y _ s^» 

^S\-X^\ gy &* <D^ tA*-ji j? <-SJil Jj^l s-U^ t> ■£»>» *** j^~ C^ f-** 



j_J . iy. JbJ^J >l UU* 4*Jl ^ J*»* ^ tSM tut^U-l ^ c?t J 

Jl uJj dl 3 j«t - t(Defoult Initialization) ±a*& ^SAj^ J^i U> -«^l 

,j^ix II c ij J g^ Uitj %*y j$* UA OjSL-. .S^ JT aj - ,a ^ 1 C?J* ^r^ 

4 „ jjs OjJo iil>-dl Ay ^ <±*- -M 1 CH'J SjU i ^^" l l ^" i ^ ij 

:iJUl (Initialize Locator) ^jll ai^ x^i AJb 01 
void gint - loc (ws-id, loc - num, init-norm-tran-num, init -loc-pos, pet, 
echo-area, loc-data) 
Gint ws-id; 
Gint loc-num; 
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Computer Graphics &% &® - Vj^ & V/-J 

Gint init- norm-tran-num; 
Gpt *init-loc-pos; 
Gint pet; 
Glim *echo-area; 
gloc-data *loc-data; 

lj ft jt ^ * j^P_/Jl ; . jLjJrl fUs*i->l JJ L->Py Lait 111 J — Jit £«PJ> U £-3 

^ Jy~ jis J* yj- JiUJib ,j<Jj cj\j^\ ja JJ* > >op yip (^ *.l^» 

jt_i^. jL...pMj fj^J .U*p *k*t JLs jl^Jrl Ob .A£ loc-num, ws-id SaUJlS" 

J lJ init-noim-tran-num t^jl^ Jij^ fU*i-tj idiJij (Prompt) *~» >^ <>UJl 

j\ ~*\ f jl IJlA . iiliJl Jl init-loc-pos _>*) WC *Uii £ £Jy ^ *Uj_u 

j • :o— p dUU* Oj^o .(prompt/echo) cS-JUaJlj -t^jJl £jj jki; pet jycd.1 

a "La ■Jal-j" .fSjll AJl£ ^UU £>jll -^ liJ ■>— ll £*»J y> l^j-i jif^l V^J^ 1 01 
, 'H :» .Ojlllj »*i-l j-iii ^ l^lli 0>& it jt 5JU4 S^AJl oli*e> flJlAi-l XAyJSS 

SjLp y»j (Rubber Band Line) ,J^* c5U*j J** t^—n ^* pUs^s—l y» V^ ^jk 
iiLcAj **jjii\ f jju .f5jM aJi^ JU-l £*J^ Jj *j4J-i* £y ,j* fyj* -^ ^"^ if 
*IJbW -I ^ %£. I *flJ? .*» jii jJL£ iiJjj>ii JLAlu.ll fL5 cUlt «JU» JaiLl A*Jai *-/> j 

J^y <e-s J J' «jjsu-i >Jj£j ^ ill (Rubber Band Rectangle) ^Ua* jUaJ J ^t ...* 

3 — ikst 4 — Ljk dUl — ia .(Initial and Current Positions) JkUj ^lJ-Jl ^y uw 

.iilj ull JU-1 ^jlJ OjiC .Ijat iiLiJl JU> (Box) jVLj J*j» ^ 

Jl—^sl Jl g-l "J- Ji itfJUaJlj Ajsrrjdl £ljJl ^* IjjJaJ jiTSl ^V^ V-^ 

DC f! — i* i) ^-l— i-i>ji«i echo-area J-k '—i l f ji .ojJaAl Jl aJLpJ luL*jU> 
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Computer Graphics gbfi&fy . Qfj^oAfyj 

.jv — -ijS' ^i^l jost £fy <y»j« }k* (echoes) sSx^S f-bti»j ^Jl i&LiJl { Js- 

Lj jfb£ JS oL«jl« <it jLjj y J JLtdl ^jIp So*a»* ~&ij\> jjt doc-data cjULJI 

r5fri«^/«pirf;j!K^^-*»J^J 9 - 4 

. j£ 5,^1 ig^ u^ jury ^^ Os 51 'j^^ 1 ''-J^ 1 au l ^ D ^ 

l^^j Sj-suhj J-k: JJ a^» :3JUI J^Vl p-j U^t, c^ijli *a# f U*^b 

^1 _ai .WC frU» <3 i»UJ W; ois~" J^U ^ Jl^Li^t eo* £^ *Lj b^U^-V 

|JU» j—J* .^1 v £*».* f-jll «»-l-* i) c?j* -^^ «* v^ *K-J J ^J^ 
• J^_* J--^ > ^ .greq-loc j ginit-loc Je?*-*» fUw-l, j^UlT jL*OJI 

j^-^i j_^ ui^ sJW iJlaJl ^ •i^j" u* °^ ^^ -^^ 4 * JI tSsLk * 11 

:^» ^yJl IU pfib ^Jl (request string function) 

void greq-string (ws-id, string-num, in - st, req-string) 
Gint ws-id; 
Gint string-num; 
Gint-st*in-st; 
Gchar *req-string; 
.^^l s M atW ^ UT ^>Jl ^ (^ JjSlI a^Aiii cA-J^» 

.req-string ^ )r> V ^* °^^ "^ ^ C*^' trJJaJl 
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(Using And Inquiry) f%c-»» f\ J&a*\ 1.9.4 
l4«J? *UJf (String) jyj\ q* <Jw» J* l^-Xi ^\ jy)\ j\$>\ $ i_-pj3 j£ 
(Echo c£JUaJl 4>-L~>» f |Jbtl*»l UiSO:. ,j2»j»Jl 1-iA .7c^>Lolt Is-jJ Jl* ,JLi>- jig*- (^ 

tlf iL?- t_~£ j^ll cjU-L«II ij^ju J^ i£y£- £*<?- Jp^- ^^ frli» (? -iiJ .Area) 

C_£JI ^aJl 3>-U* a^»j ^ji-J .wolJjJl Jlja*«l j* <U~»waa fjiJ t^JJl Jl^A'i/l Jajait 5^t« 

.,\ t k\ , , ■«.>[) <U i£u<j \£j* C-Sjl jj«AJ (l)«So « JS Li* 4jI l.. ...." V «i—^ L> Ol>»> 3 

.DC frUai J I^-ju (j«ri t£-W*Jl i>-L~* tlAjlad ^Jl c^j* 1 jl *-£Jl 

(Local ,c — I* <^j-l i JJJ^j iiUiu.'iH jJX, j iiSUil ..^J l»l tiL-jll «JLa "ep- 
ulis — -*• Aijbj ^1 oJL* jL£1 JUd jt A^»ULl Uise>jU] ^j j^iJl »-£jl jl£"^ Manual) 
.1 oa jliJl t.jjL.'jII SU^L ^ j^iu. -(Inquiry Procedure) f}Ui-l t\jx-\ aJs-.Ijj jLgJrl ^p- 

Ui J U r- jtji »-i*j taiJjC* i/^j&l ot>Jb^ jCJLiJ f^Li^l CjI^IjwI x~)al«j 

3 =*-\A\ :ULJU-t S^^Vl ^Ij* jI^I Jl (State of the System) L.jkll aJU- jL^J 

(inquiry display space size) ,_/>>Jl *j>-L~« iUol Jjs- f%>i*\ *Jb ^ jju .«UjJL3 

4^^ «JI jLuVI <LOtec juLii*- jy>*J? pf^ji^ Ji 3^LJLl-l l^jUJl »Ja-» al»ul JjIp-L; 

.I^jUIJ (y) SpMlj ( X ) 

.1 '~f>yfi> ilJ%f-Ju> (jLgJs^) tfiJUflJl A>-L-o» jLi^V *-«Jl ••** >ljb*ijl *jjai^l 

u» . *»j«^ >v»t ^* min t)^ lil .(^JUalJ aJL-^JI a?-L»* j* jk^> ty* Jc& of U^j: 

:ii»— Ijj Jujadl JjJ^ ^ Oil iA/%c^i\ 'i^ u .\y SiUll 

echo — area . x min= 0.1 * min; 
echo- area . x max = 0.8* min; 
echo-area, ymin=0.05 * min; 
echo-area. ymax= 0.1 * min; 

Jl_>- jt — t; ^Jl i.iUJl ilL-jJi 5k-ljj Ui (Erased) ^—-s- j y)\ <J>*> is-*** 
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Computer Graphics £$ fofij) _ ^yj) q/^j/j 

(Pausing During Execution) .LisJl *Uit cij* u& j> 2.9 A 
U^j L. ;U£/^ JJ- (request -mode input) J^a^J ^Jfcjl ii <«U*^I Lu£r 
^*= — -" £*ljJ* iLpL^l j£^ .o^x. Jj ^ ^ qS\ ^\J\ j ^ ijtf UL^t 

VL_^ .oJUll J^jiJl J w^- ^ ^ jJl ^jjdl jli o>bUl p—lj jLa^l jJslj -UtJ 
1 - i — » fj— «i .finish i>Ml tSj~\ Jl ^-VjjjJl Jio iaijJ.1 U/fl oLL&l ^j juu 

■J » d^VI '-i* t)t jl4 Ji .i^jUJl £]k- £~4j J**Ji <ksi (i^pjj JUsub sl^r^l 

f l5J !l -^LJl p — -^1 oUjLm i_*Pj^j 0? Xjt^JI JUoy ( Ja«i 61 JJ ^ tijJiai 

J — J "getchar ( );" C AiL SjLp JUil y> aK-ill o.U ^UK JJ-1 d\ *\y *J>j> 
"^ — "*^ f J^s ls 3 " g"^j>^ -M^ ^^ii j* 1^* 5j$LiJl «1)j5j . U.-^lb finish *l_r*-V' 
,^1— ty Li» Co ^J .(Return Or Enter Key) JU^' J> "j"* C 1 ^ ^ ^-^^ 

.^-UiJl i/KAkJ <^>- Laj> jt^bjJl <-J12jL f yi~* ■ (greq- string dJUi Jli») 
(Completing The Layout Program) Jl£iity JsJa£ g*Uj| JU^I 3.9.4 

main ( ) 

{ 

init( ); 
transforms ( ); 
segments ( ); 
loop( ); 
finish ( ); 

} 

:aJU\ JijjJl ^4_)\ £*UjJt (>JLAiu-j .^tU-U. dUU* OjSC; M ol ^i-i. 
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Computer Graphics ^^(foj) . qJ^JQ^tJj 

.(JL^f) s.jlU A^jJiiJ 3,\J&y init -1 

.ijjjjjtA 2jjLA\ o^Ljs^JJ g*~ c*-ii fjh transforms -2 

o>t JUij j\ — -^-^! jhIj* j JsL-jll xkiJl ^^ «Joj«i fjit segments -3 

J iibtll *l j*-V> *j^ f ii-?- tloop J^- &* JMiJl oULp J jLj ^ -4 
^— • (exit) jr jj^l .^a^Li jLl>M •*** finish aJl.AH cbU ^ £*Uj>Jl *.Uk ^ 

.(loop) ojjOJl 

:b-tdl oUlS^l Sh £**■ jt t GKS ojliu () Syjdl oUlSL.^1 g*- fUstu-i ^ 

* >\£ jf a LpJUJ ifJL^x. j£-* p^^jJl l«iA 'villi a* -lS^I oUj^j cj^jjii. J 

■iSy^ i/>\j^ ^-^ £•*! ji 

(Event-Driven Input) Udftfa gfitll Jfoj 10.4 

._ Py V J i .CLi^jU-ail JLI^I ,jiJj ija^l liJUb ^ Jk=-*l jlfr j^t ,yj J*P 

( Ji idi A- J (JLp .jjjj^wli ojbUu^i ,juu jif*- jW-^ <j°y^ «ilkj ^t'^jj .ijjfcj 

0L_lC^L .^jjadlj Oltji^ U"^ oliUl is-jlj jliJl jl^- I^JJ oL.j)id» ^iuu 

Cj>1 iL—jl^l . g ;-tl 0j ■ a*-! 0j.ljil~w»* ilL* If.jJ 4 IA* V" 3JbvA^ l»-$i* LI f IJbU^il 



t£\ $ c.>... ,y t j jJUiJl 5-«J ji OljsJaJl ^bt Jt» oUj,la; tj *JjJL. 0_^ "^ *JU-I 
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Computer Graphics $})&**$ . <y_/ j)cy^ fJ 

p — £*dU J I — s-^l t^Ji a- flJb^o.1 OlSC^b ctijJli-li f >A« JUtal i)L>- ^ 

2L«jla> ^jt--^>*b/l jja^ Jbs-U .**jJ obis' Ijbr iJU* iilvsl IJL* j»3y ■) — ^•Ujjl A^L^JL 
L__ V S' A^-jiL. L$»*£- fjzjziij ~aA&- JLilaU fljiV Jl^-H «j**-l j* i-^* 1 ^^ i^j^ 

(Data <^ 'Lj v. -ST/ <3 F-^y ^t" •si'-** '"Jf 38 " j" °*** r -** (*-i! L*-*^ »J-» ■>* 

ajj* ^Js- isf^^- jjiUall duos' .(Event Queue) cL>jlU jjjU=4 <-Jyy Structure) 
o>LjUIj (jM . ."stroke" 3j^ j gy *J^) <^ jJ-I ^j <i>aJ-l £S? <^JJl jl^l 

(await «i>J ^-1 jUa^l *Jb *k**\y, jj*UaJl ^/o^ g^j^l ^Ja^-i .o-ii-l j> V^ 1 

:event function) 

void gawait-ev (timeout, ws-id, class, in put - num.) 

.£*xM s~- l«> JM jlft*- ^ f j J*p &* </ .1 
.^ -J-l ^ (GLOC, GPICK, etc.) ^*w» tJl Jt .2 

\Sl .L_^ ^j» J^J US timeout jUiftg-M Jto c^jU JJ{ \hi\ V& b» 

.JLiulL. ^UjJI j^^i 3 GNONE ^iJl ^* class VbJ.1 ici»-b- ^i J*«4 ,1 

^Jas— ij «^J~ Jji <-^ gawait-ev aJUM f j-J i^jli > jj^i ^ &i ^ 
-.get pick Ji, get 53b =0^ duW Li* g «H>I o**all fla*^! £-M 
void gget - pick (pick-st, pick) 

L*L^ ^Wl «i>JbU JUol flJb«-.lo -il*W» vJWj ^ JA2* ^ faUU ^ 

.24.4 J5Ui» £ oiA* e^ cr« t3 -»* - 
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Computer Graphics 



dP&fy . y_/*)oV/y 




vi.jJ-L ipjiiil g^lj^i \A~A 24.4 JSoJl 



(The User Interface) \UJRm\\ AugJt h{l*i\ 11.4 

IJ I c Jl^l S ->4*-f flJbu-l a J iLS' Jj»- AiyJ.1 Ja*i Lj J of JjiJl -j&l {fi\ 

l$J ilj^iu JpLiJl :ULp Oj£J Ijjaj .SjJj^ «j_j-i«i JpLcJI flJb*i«.l UiSlc. ,_«;< ' i£ji*» 
,il.a: .M«ll 4±i±jI if=r-l »Jl p .A^fli iJLuP- OjSj tJLl ccjL»j»»j1I iuja^ v^ *.ja«5" OL^jNl 

<.<-r>j ~\J~\j 4-lpliJl Cj»I Sj.JtT^ a**^ 4^«Jl> a-J> JLJludl *-f^"l_) < ^» ■/t'i <1)j£j 

j\ ill J — i* Jl a^i^l oj^srf jjjj i} 4v»b*-j t-i^U-l J oLj-ijJl J J*"- t^JJl 

(High Resolution) i-Ull *JU- oUjIp J^ ol*/ .\Jj7 l<-» j^j:. ^Jl 3^-Jlj 
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Computer GnyMcs _ ^d=^ . &jb&"Jj 



-sty v^, ^ ^ gj\A\ i*. j J^u ^ Si^. - aj ^ ^ty ^ 
~^—*yJ> h'} ^^^-^ a ^-\_^i\ J* (Clicking) yLJlj (Pulling Down Menus) 
*— ^j cA*y*)Z> jUpUi. gAj *,l£" ^iSi <jl«i -M lJUt c^il .(Light Buttons) 

* 

.4**j3\j aJL^M cjUUiJi j«4 of -l 

^oa . ^ jj jjyj.jAdil OjJjjC-JlI Ja** L^JLp- jii -Jl ^Lw-Jjll jvsLxJl (J o*J liJJU* 

(Menus) jW^I ^Ij* -1 

(Icons) i/** 1 -^ -2 

(User Feedback) Juiz^JS Sar^il 3u Jlidi .3 

(User Aids) jLjc*~JJ o>UIpI .4 

(Layout) a^jUll .k^ .5 

(Colours) Ot^J^l .6 

(Menus) jl^t ^j5 1.11.4 

.j—^JaJl pJ^jJ ijUx-il J *£~JI ttjjb Ojou 5^111 JLUJl ->j2*il (J±* ,Js- 

t.»? -~H c~>-* II ,% K j »>_p v>- l »JJ 4-lpLixJl aJjJJI oUa^l i^x~^>T tiOJLP 

t_Ar ...U ol—T iliU- -Sjaiiur ^j-S-* jf *Jfc« ^laUaj J^ ^UjJl <Ji <^>ULJl 5j^« 
: Ji. ((Command Line) y>S\ jij* if- 1-1 oULJl JU-iL ^ ji 
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Computer Graphics M&® - aJ^d^JJ 

run 23.0 37.5 6.5 

enter number of sides: 
enter length in centimeters: 
enter 1 to continue, o to exit; 

.jw.^1 Jj|JL*L-JJ L~& ^ 0j£ •*» $**~$ r 1 ^ 1 a* sL " L ' <ii J*^ &- <$ 

~ .-/i t J^ ^ . 4 ^jUl ,Jlp cjIjL^M i*Jl5 av»jj iii3ij JJlJL; ojlij Oil 

j» .jl ^^l a-jl5 J}U ^ g^UjJl Jip Sjt-Jlj oLiUl JL*4 JLii-dl acUai-l, 

Jpl_iJl gr ../.j 61 c-^W (Cursor Control) ^ a£Jj— *. Sijjll UjaJl oli«M 
~-v»ji Ji*^ jLa^ p-flj* «^*j* -^L-j— Jl oljOi Oj.b &>-j iL. 0»- ^1 IjjJa-u 

oltj u,J\ 3Lil£»l 0} cdUi Ji iiUb^Vj (J a^lj J lj .jojvij ^ t£>ai jLz±\ ^Ij5 

.LkjLjtl cijj *jIj<JI /"-^J jJ* 3i-sJ *>*-*" UsJ* 1 " 

Of Juiz -JA <y Vlijf L«JUp ,*Uw^ i^j^Sll oUUill J*£ liJJij jL&=-l a*J15 -^ 

a JL_>-lj jL^-l 3 UJli -ij^-jJ l^Jaj . Jl£Ci"iU jLi^Vl i*Jli Jaii J.«^.J 2L>jUII jjju jA 

4 JUi -j* jlSlj f ji 01 JLii-Al S-^ji - 1 * ««* ^JjJaJl »-i?> CjbLail (£■*=-[ 01 

5 JUi s.lj 7r[ u Lp JjJLiJl dJUbi Of s-Pji -i* ci^Ls- Sjj^suj -»j^ J-^ J oJ^lj 

.. <>dJ j\ ^-1 4*JU UjjJ 0j& 01 ^ !>A^i .cJj ij\ £ p-'^jJ 1 fL*!^ '«J=»-- 

,J3 ju> US' (Control Bar) »Ja~* -tu^i J-«jcuo ai tiiLiJl J& (Control Menu) 

.25.4 J5lij\ 
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Computer Graphics 



^P&db.y/bcy^sj 



File Edit View 



circle 



text 



line 



box 



Fill Color 




I=C 



Sjja-Jl luji. flJLAi-l 25.4 jSlsJl 

Ji — J$i k^^ j£s„ t^All jL^-l i«Jtf J[ jyij 5 Ji-J» Jsj^Ji ^gU :u:*p JS"j 
dj_£i L_kU? iiLiJl J^ jLto^l a*JU ^SJ . V>UJl Jl jyitdL JU^J.1 f^i U JO* 
j — * (Item) Siyk jLp*-^ a-iu-il ^^i . JjLViAJ L5L jl^a^l jLgjp (^Ip ^j^^ll jjJl 
L. "up jjJl ji^ f ^j LjJLp (Sliding Down) J*-SU c3V ji^ dUi j jL^I .a»jU 

Ja — aJJ iibt f- 1 •>jts' cjUya *sL>l jjJ 1^1 ^jal tJldJ J—-. ,JLp (Hierachically) 

.26.4 J^-iJl J tw> ■><• y l*S" tf/^f jV-^ 1 ^*j*5 



File Edit View Element 

„i,UiUmuiii>,u,uuii!(,i Hii aum 



Color 

•< w W.Bi.»i.atnT« 
line 



color 
style 



width 



* 



dQ 



T=T 



V/ oljLs*t ,^'lj* 26.4 j£tJ» 
212 



J.I.I'. I.. '.IJHI.IJ.LI.il J Hi J.I I. I„|.' I I. I l .l .lll .'.|., l|. '.II: 



Computer Graphics 



£%&&> - q/^cAryj 



Cr^ 



i .ASM isj* J AiJl, ^U, j£i& J*JJ jL^VI ^V JUiJl fUfaw-'SlI 01 

,iJL_J JT j i^jUl Jb ^ji ^f j (?U v*y & W oljlj^l *** L. (sf S. ^1) 
J ob>il OLrf ^Jai-J i JVsH J~- JLp .JLiiwJ.1 iJlpL-i oli*aJl f»JA2-b jU, U 

1 ^.f tJ sSl 3^U>! iJiAj a-ii-Al L^JI juiu jl-* 1 ** Jl5 t) «>• (Highlight) 

JLALiJl s-^V y^l -M^ 1 ^l) jW^l (^J* 1 a "- l J ^J 1 ^ 1 J^J 1 «-*J' 

. ( Js~Jsdl £-*^jJl jj-ii Jfc^J 15-^11 fJAS-J 

(Icons) ja*\j2& 2.11.4 
.»■ .^ .(Objects) Sj>i. (.LiV jt oUl*iU (Sjj^ J^tc ^ SjLp ^lyJl 
JlS"\ t)j5j ^jjvJl ^1 Oj^J" XJLi>\ SJtfli lAj .LJ-JaJ £• JUa3^U y^ to^ >■>? 
u/ a^» J i, Jais f Jb^-j {^JlJlj i_jj^U ^*lJjJi UJ .4oL*Vl ijj^il L^iJ ^ *Ab> 

(> _-.32x 32 <>— . j»*t O/J "il e~£ 
tiJau-Mjl Jl£ity .(Pixel) ij^aH ^b* 
<L_iLiJl ^a Jl jjAJ V Js*) ^Ui £■ 

.27.4 J^LiJl ^ i^. i^LiJl ^^.l^iJl 
5 ilMf ^a*ai JLii-Al ^1 jSl oL.^1*. Jv»jJ UjT EXIT US' f Lbu~l J_p- 




.j^lji 27.4jlCiSl 
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Computer Graphics ££ fyty _ ^jty &\ryj 

3 — Jj= sa (J^iM) ^-U- j (Red Color) ^1 OjUb j& (Stop) uiijJl oU^U 
frlji^ ^lili. je SjLp ^ -Ujdl 3/*p \J j tj^ljjl J (XilJl) "STOP" i+lf Js- 

. "YIELD" *UT l«Ub ^ j^ OjUl 
uJj i, ijarj ^ 5L,ai .(Cursors) oL»Jj__iJJ Jjul* j^-l^/iJl jj5j i^J 

f'JA= — -I Oj £. .(Status of the System) *j>Jp& *JU J ju jl jui^Jif ^ 

(Clock Face) 3pL. %* j L^-j t*5 y Jj3=o jljx^AI ^ *ijii L*jlip IjlpL~* *-$~Jl 

* » * * 

I — iLs-lj - Alji-i^. i^jtdl JL S^Li^J ^Jbu-J L. Ulp (Hour Glass) 5JL.J <pL* jf 

(User Feedback) . U- .-J l oJfjA hdia 3.11.4 

Oj — So i^l ^1 <_>j -U-l; cA*y*j (JLp ^Jaij cJlSl sSyj. CjlSj-JaJl £4*- J} 

5j JiJl ^ cS^-ty £\yi\ J*^ .iJJjll AiOidl j* jfcPjJ Jljjji (J <a^lj i iJlj jL^-^l 
tl — 2^-V U=-j — ^ <£)! i(User Aids) JL£-Al oUUI iJL U JU^ jlJi-^JU Jajjj 

.(Help Facility) Sa*L~, JjL- jj ^Ua^^fl J jb; 

Gks 5_^.jJiA \^j—j. j~* ^Jl (Error Handling) *lk*Vl J>- «JT 01 -1 

.3 CJLiJl (j^UjJaill (J^ JjU rJJiZ iJLfc j>io ^1 yJl ^ a^Op J jS3j cijljUl UjajJ 

GKS 3 .jfci. J ^>VI JjJlJI aJ[ 01 .1*1-51 ojJiiH jLil ^^-i -J t a^.LiJ» 

,3^j- j&. lijLiLj Jl^*^ JLiu-il 3jjl^ ( _juiiS' 3ja*-t jj 3ix/iil oJji Jjlu; f ^ 

^JL—Li (3 t Jbi-I IJ * J^-^ij C->\*y»]k Aj*r\ ajiJ jjifliji OjJaAl J«S ij Oj5o 

^^ .,t \ jlpL-j ^ jii (^JJV ojti*13 J*^ jUil d^jJis- ^i:. L«i Ul ^L . fr Ua^Sf» 
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Computer Graphics ^3(3^ . Q/j^)(3^_/j 

iJjUM JUy ji JLiuJ.1 *-b4 Ji tJLS 4*liJ f JlS J-Jadl Ol •!£ Lcjj LatUjJ ^JWci-dl 

.*! Ja^ty £• J*UdL J-Jadl £"^j! f^* •>* bj^" j^* ^ f •*i' Jl ^' (>" ^-r^ •/" 

*lJb~: — M.I J-idl g&jt L)l£»b i)lT i4**-3**=» jjp. oUUj Jl^il J jU- l£JJI Jlil.! J 
A. ...ill .LjtU £_— >*v»J <^L»j-.^l 4>jJ*> aja^-tji SjJjJ.1 UuJ-t iJL-j jl JLiUUt 
jj «; Of JLii-ll ^* i_JJsdlj SijUll Jj-Jadl g-"lJjj *plki*lj *»«j»i^aJl jjfr oULJJ 

.Jb-bv ^ oliLJl JL^oL 

cj! «j)aii jl CADgtw-1^ fj>- ji oli-kJl oLstji JLp SjJaJ LJiJt J -2 

. JLiL-ll Jl (Help Facilities) S j^LJlI JjUj j*y iL/>? U j^ J-i-idl 

$ .SoaL-AI iL-j LuJ "?" jf "Help" j/sll JUol lui JL*i~il ^^ L« U^ 

J i -Jlj SjipLJ>I jU&M **SlS J^- ^« oJLpLJ.1 jjijj IpL^-l ^ lljIaj-- Jl Js-)=j 

Jj__e> jJl jl >«lj5U y*y & r$J> •*» S-J^LJ.1 .USta JJa-Jl JsjjA ^J* L^Jl jlij 

.(On-line Manuals) Ja=M JU- l^jJj JJa Jl 

4 i Mi U JLil««JJ (jvj 6 I jAj oJJjll 4j "Aid! {j» %i\jc^J% j*\ Jl£ ilL* -3 

.Li: — «il ^Li *.LjI t Jlill ^^ { Js- X^yH SJbJbM 4jUUi ji-ia «J r-L-*Jlj J**- ^ 
A-^/l oli frljarj/l jLfrt>*V *z&* **iv* fJ*— «J SjIp tSLiLiJl l Js- jjjaiA tigS- JslisJlj 
lil — » . t.«- .. A l JJ y »jLiAl jf U jlfrfe^ toUiJ.1 Siyill J~*j£ .(Highlighting) 

u U SjOiJl JLilJkl f.Ulpl J^O; IrJ ctjaai JUiz^il v^iiji L)f Jl*2»-I viiJU* OlS' 

5 J — £j 4 — Jl jLiil jUa^I jl^l y. IJL» j^^J aja^l o^aJl ^Jb-I .ojL>.l jjJS 
f\—k*\ dJl—T lil .4 — Jli 3^ -dl Sjli^b {jL ot JLii-J.1 ^ w-iiJlj j£\ itLi>\ 

7 f y"> jl — t^'bll 4 *j15 Jl iSjOA 4»Lp\ J^"J 'I* (j**^ "^J-^"' 3i-Jtf jjp ■tj.i.'^.J.I 

.(Backtrack) t\j Jl Jl ji?1 ji So^lj iJU* ^5 JLii-JJ 

(User Aids) 0-/L-J.I Olil*l 4.11.4 
U-Ij JjJk.1 p-A^dl J ilpLii.1 oL.j^iJ^ V-s 5 ^ oltLbu^^l c^^*-! 01 
flijVl ^1» & ^ toU^JI 4>jjii* J^U j* oUUl JUil ^ (CAD) 
J^ J^flsi OL-J^l 431pI OjJtj .fj*>J} ^yM ^lJsu iijt of j\ ^Jliil S^- J 
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Computer Graphics 



d/&d* ! b-Q>yty&^sj 



(Side Bare) ~*Ay-±* ik^f -I 

(Grids) ^iSLi -2 

(Relaxation) j-jy -3 

(Rubber Banding) ^^k* JUaJ -4 

(Variable Sensitivity) »j^* V-"*—*- ~5 

(Feedback)«.tf/» *> jU; -6 






. JHCi^ll liJaSi LrfUjj J JU-1 y> US' Ijiy. cyL.jLw Jl^oJ Jl i~-J U^SiLr. 

Jl o>^L__^jl1I JL-jV £-*2M h^l -^ bj £f^ f-^ t d-^ Xi ^^ -^^ Ci -^ i 

Jj__5j .inlilpi OjOj L-jtv -\Jj^ J*^j 
Jl.Tu kmjimfii6B"Fi4.1IL l jiLjil |i »| C - *^ ^-> -^ * » • 



£ 



t±j =_ 



SJuli, cyl^-i j >U* 28.4 j£iA 



«ll ; 



d >> — -» £ — £j 0j& J5 tf j>A *il*i 
(j— 1p (Graphical Rulers) I— JLj ^j*-y 

JlI £_-. ^Jb (Cross-Hair) aJU^ jl a*UU-. cy\ji*i ^ -^Udb JbUJ.\ 

.(28.4 J^LiJl ^ o** I**) 
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Computer Graphics 



dPdxty.cy^cy^/j 



3 Jai ^ JasM rt—jj tb* toliJj — uU jP^T Ji-A* J=>UaH JljaJl isjja^ jjiu 

jL_* cjl^-l aS'jP- s\£\ . JUi^l jL^J- aS'jJ-l *k-lj; jjvil ^Sjii Jl iL*. litf aA Jo 

Jl >-lj JajLl 4k)s5 Jjt> jwi 1J&A .JOOJrl fSjll JJ 4jUJ| SjaSj ^^jij ^ Ja^i ^»j 

tU^Lja: -Ilj j5l jaJl^ (^j^f 0>liLS' .JLJl-Jbl ^jS- l*~£« l)j* ^>jLAj <fL^jJl J»UJ 

3 -; l? Jjg7.«U bljj Jl>-T frLfljl j^T, t Jliil J-** J* .3~idl a JL* >lJb*iu*l Uajl - ^.---T 

.JLiu«il 4^^- ^3 L$^u:. bjki slliil *i jljJlj 

cjli *_J«] Jais ?T^ £*' jA' ^' p^*" KAj .a**-*'** Oj^j -A* Ja*» «Sl_jii (J ^»u of *JUj 

dl 1JJ .J jJl ijjL~i« oU«i JL* jf WC plvai c5 ^**'>* ^!>i»=J Uow9 fl5jl 

3 »i oli (3 — Jj* ji i- l)j-Ci OS) S^A j>j>& dJJij JLAj^jU oJIpIw LspUai^W 

.iiI~i*U <uJ i-Jj5 j U*!j^ j' UJbs-T ^ JLiuJj ifcuA«ljj JjUtjill j^jSJl .aJsj^Jo* 

* — n ^t^lJjjil jL-Jai^-j t Jt&l J^— - jJLp ..\ ji*— . U ^gLp olJLJLJI jj^uu A-ioj u^"- 

J * JLJLdl Ijla Ji. .a^sjUJl ^jIp JajJ^ h-L** z-ji^ «uJj— dl iilj_^ j-* JLii-Al 

.JaJii ?c~sn~£> (_£JL« /^ oliLj JIp^jJ JLii<~ll a£*Aj 

(Graphical Devices) LjL* J^j*-/* Sj^t-I jij^J oL.j—j i-jjii* ^lJbu-.l 0} 

-~~~" — — — — Sj^_»t j » jl^v (^f ,_iSU9j {^iJJ ^1 

jj — jj>J *Ja:: — -J tjlill Js-* ^1* .ZJjJ&t 

(Scales And SiJj ■*» iieyAj ^^LL. 

Slidcbars) 



1 

bl 



B 
M 

I 



H 
M 
U 



miiiiuii i irn 



G 



Ojj VII *3l •>• JU Jl^- 7*;w5 vL. 



"LftJJ 



l_I^C 



ttJ>_i. ik^ij u - !i i« 29.4 JSLJi (29.4 J5CjJ1) iL 
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Computer Graphics 



£&))&$. a^cfrsj 



j — J-Jl K... ^t 1 I jT-ki {\^ S Hi*\j i^ja ijj^u ^S\ja Jbjji ^ ^Lili -^jii fljb^^.1 

.(Fine Timing) 

JhoJI Ol£*"^ 0j£ *i^. .(Zooming) (Cjjdl jl vo*^ j^l J^U j* J*Jl 

j, — .*v -J . ~H I — JaJaSt £*ij Of JLi^il ^J^-i y^ (^Jj^'j Ms^l olJUbLiil Ju 



.SijJl IzjAA Ijuuj* ijfijs- .L J7 ..JLI t^aj Oj£j Uij- jf ijiiOl *^Udl ** i^U 

(Layout) i^jUil JoJaj£ 5.11.4 



• \.i~ 



JLal 



"II j^£ s-*v» ^^ tiwJlpr ,j* .X a; <M aD SSj^ ji-j A*iU Oj£j 01 is«ri «J~M 
_ >• 5^1 ^ ilj j i^iy LJl c jst^/l i^jUrj ^j il$*-fc£ ^Jl oLijldl *j*^ 

CJil jJUJI A>-l Oj>>J t4>-j-i ( j ir M \j& \jr»..» Jajji flJb^Uxl 01 .Lfci ,Uj«J JLilu»aU 

Ja-jsJait ^*Ujj t} UivbjUJ olJbitloil jf t£JLJI i_j ^L«Vl 01 

J a_^, i^ijJi a* Jd r U j£iJi .J^ua ^ ,3/ (Tiles) 
.L_^lj^ t) ^_j jj ajIj. £. j,^ J»^j JT . 30.4 J&Jl 
j£ iJl) J_ *-\J& 01 4jjj)l oLljJ ^-l—Jl j* Ji-JLlI Oj^j 

J_~Jl 3 Jast j j^?- ^ jjS' Of JaJ-l «.j-J t-li^ .(31.4 



l4>jU» J»Xj 30.4 jSCifl 



rpi 



.0^— w»il IA» J ^jj^Jl 3jIjj ,^» "^-0 SJiiLJl jJja-,0^ fJbtiuJ 
lil jSClj tcSj^^l fljj SJb-I^Jl ii-it jL^VI ,wly OjSj 0VI 
0j5L- tjL»=-l 4-il5 JT Jb- ^^. t^jlp iaj^i Jj*jj \^sf 

*UlJLL. IjJj iljj Ji__ jjj I 4JU*- . S^9 jl* Ojixl jU^S-l i-Jl* i>i lS"j-A* JLjil—J.1 

3 j j^l 3 iIjj ^ ,j>j_^il tjsM (J^ jiJlj f ji[ t^s" jlp*-' S* 1 ^ fl^c^>l OJi-J.1 

9 J a Ji. . f L.S(l Jl l*i£ dlJij V^l J 1 ^^ 1 ^^ jtj* **J*A^. iS^}i^ ^ J 



218 



J.I.I'. I.. '.IJHI.IJ.LI.il J Hi J.I I. I„|.' I I. I l .l .lll .'.|., l|. '.II: 



Computer Graphics £}&& . Q^jpAyj 

i,\ V. lilJL* JIjj V .Jb-1 j tjT J aiJUl* JJLj f j~»j £• J**U 4v>yiJl Juildil f.UaP^! 

1 /Jj tjjadl JLp JU*«j ^\jM a/tdlj . Jv»»t 0_j& £-^l ••>■» a* t£l Jj=- ^ 

J .kp. ^jjij.1 j* *_JJaii J5 aLM JO VJj oIjIjj ^j iJUll J~- yU . /Lidl iJ5 Lp 

jL,1 j OjOj IJl* J~* I^CjT Otf" lij UJ JjJI^ bu&L V .olk^Jl £. ajjlilb jiTl 

(Colors) Oljftl 6.11.4 

£j-*j* o£ us>- Ji aijfy Jj^ J^Ai c yJi >j^- .Jjfc-U *4~»j t> o>Si 

J_if jl UK" jiSl jjSj N Ul Jb- S\ f^dX* CRT oUjIp oLuS oa=4 ail 

Olj—iVl dj— & . (Monochrome Displays) O^UI aj^ hjUjjU. £• UjlllL 55a 

* 
L_^jJai« ^ 0j Ul flJiAi-l ^Jai-i .1*-* Ju*Li-IJ (Informative) V^H) **->* 

,s ~ \\ ^ Olj&J yjll r lJb^-.^|l 01 .OIj&J JjlJbr jlJLPVi *il^j *^ { ^i ^j-jU 

^ JLS t ot « LgAJb^-b i>l>^l y> «jIjJV» flJbu-l £. v-sM jS'LSil tf.A>.| 

01 j Jf iu. jt w- ^ jiSl fUAi-i j53j i^ljJi ui-^ f J^w-: Ji oijJSli ^ 

.(Thermal) c/? jl., — »- <^^. Oljfy j-4- 0L-^1 .J-ii-Al ^j^'j c-VAt JI J^ 
3_^i jst o/j oU>JJ aL^-f o^Sij OjjSli js*) s^jMi oi^i #-£ J^ 

.(jJHj j2*% j^i\ >> Sjuu oi^i da; j* 

o - -LI 3UN ij^lil ^/-t J^ iJ-^. OljlSlI cUbu-L {&*£ tSfA y\f ^b* 

^ A JU-I yb UT OljJSU ^~w^ Oj-C; "il uyJ* -^ L - iJI 'J^ 1 Ja- u^ -Oi«Jl i) 

^a)S < j? >> -^U j* SMI oba.all J^ g! j-^jJI tj^. 'i! . jdj^l ^i oL-op 
IS'I i. i^. J J_» t5j_$lj j *"^> OjjliUj Ijj\sx1a ijjhx* frLJ-t ^jP Oil .U- 

. i/> aJlS' ;>^ Sjjlii. «.Ui^ viAi' 3j)Si\ OyJl flJAi-l yibi J^ii IJJ 
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Computer Graphics _____ &$&&) . tyj§<zfay j 

(The Burden of Interaction) J&U_ j ilu,] 12.4 

J pI i' ti d j^j ^» . j-idb <ii*J.I L,U_| i_Lc. *J»; 1 ^ ,*Ae\£ pjAj ~ ,-.n~ 1 $> 
CjS — ^s^ U *-^ ! l) Js*~il £• J*— J & h^i «>jJ— ' ski ^Jai— jl ji J&> fgm 

* jl$ Jrl ^p Sl£_* oL^jj £» J^jo (^JJl cjII-J—I jl_J. v-Jb .(Real-time) 

.Spill <^.Uj£il 

>? lit .Sji — -S' cjL>-I -^« «. L» 1^.3!- j^-j c.'x-iJl j*_Ll SvjjIp « .JLiLiJl ^ j^^i 

4 »jJaAl ( _ s 1p- ,J«*j ((JsUall <3UaJl J»jk^-J 4_>_* oljwiS' fclpl JsL»j *l0*i*»l 

0^ . Jt *o"^l jlg=s- «*£>>£ JUp JLiu-il 5JlSCl -_^ f^l i?jJaiJ-l £~~"J (•— J -^J^ 1 

t5j s^f 3 lU- ^ (Dragging) i_-^**~Jl *k*»ljj <LiLiJl Jj>- ajjjidl s.LA'ill *^j>- 

jr -Jl aJL&lizll c->L_Jl ^» f- jJl IJl* ili-i gja7.«7 (Standard Graphics Packages) 

2UJl^ -^ JLiu-il gfkji £• ^AjijJ^ «j&L *=!*— Jl ^-^ y ■ x i^ ' -^^ -^^ 

Of j-^. l>w»l j Oj<i ^ i^- t5j^t o"^U ciJUU JbrjJ .PfflGS j GKS ^jJ^ 

^r ll c^li a_Jjl OMULS' Jj> JUio JLjii^ ^.Uj, tjbll Js-. ^ .L50r Jplidl 

4 £c V as iPHIGS j GKS ^>^ J ^ i(l*J*% '**ys <^h J*y^& 

* 
^IO_jJl^Jl j S3 tlj — J» J^s»l Sjjvai (^tl ^-9^- 4 J^l ljU*» A^ijJj j . JpliJt 

I. >lii g—^lji ^bT ^ fJLi) \j& 0_^J of yi^ t^» j* "^ ^yji-" ^j 5 ^ 
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Computer Graphics 2&))d*ty . C/y^C^yj 



'i *-& * 

j — Ip t(Greate)-<i>iJb^L_-.i : tf — *j *JaiJl £. ioj^l olJL*ll jI~pVI Ja*. J^-lJ 1.4 
ji— < J — jidi 3 — JLp Ojis .(Rename) i--3 "Mj (Delete) <-*■*»- t(Close) 
j — • £j — i JS" £• J& . JjloJri ^loau^lj (Linked-List) *L*>^» |rfly> fU*i-.i 
.c-JyJlj (Memory-Management) SjS'lJJl Sjbj jS*li* ludl 
g r , »- . ' *L — «. j jf (Segment Modification) 4«la* Jja«J ajU>1 <±uu ^jis ^j^ 2.4 

. 1 .4 o^ »iU». ^i (Editing Facility) 

i*-_jJ _jl tuLL* 4?~y Ji» i ( Juis- jlfr 4la**ljj J»Lifc)l jlfr >JLiS jUy^l jjai Jb^Ui 3.4 

jily — j JujJ^ jU»l J«v j* o^Us>-VI t-jJb-l Oj£j .Uij^ yy of cf^-C^ ^^a 
J — SO jl-vJ 1 * .(Display List) j^ uns fU*i-l y> j^T JU&-I . a«JaS JS" £■ 

.4aja» <_i[j«J _j*j JjJI^ ^ iSjjt «i4 (1)1 JjU- t4JU- 

j, la** oli^lj* Jl ■djj^' <l»liJl J*-f j* l«Jas J Jjf iDLSO Ljji i$JL* <J"ij*> i)\ 4.4 

^•Ij—^^flj Jl — *o^l 5 _>< — *-? j* 4ij*j- Uj 3.4 jji./ * ■>*» t3 .oU^-jJl oUjJij. 

viUi ,^1^ yjj Jjb .jyw y 5 ***" J^** - ft-*****' l3 Jjt" "-iij* 1 Jl J-*" t>' "-HjUail 

?,_jSLsJl jl yJtj-iJl £-Al £ji ^ i^jUJl oils' lil UJ 

'-"J"- u^-r* 1 • Jj^ 1 J"^ 1 1> "^J r us ' V-U CRT =U> > jL»V» >4 Jb4j 5.4 
tCRT « — -sLill j — S'j* Jlip .w ««- Jj*j^ Jas-b ?Jli« ijjvu l*js^> /? ^jj^SO 1 
*«)» «< j; P 3 — *j" *^j*" fr ^* J f-fjw oJLij 3a*»> jyw i-i£ -W l^ 3 *- - **«J <£j~* 

f-J&i jl^_Jr (Threshold) S*L_ >y sj»- ^Usi JLp jsJdJ UL* jjjj ^JlT rcRT 

Jj » Lr -jl — i* J* J*i (1)1 l^SC/:. tAP_ r JJ jl$3«£' *5C^ Uop L» "oid-il lij idiSh j^i 6.4 

.(Three Position Switches) £*>ljll a^ jcJU* ^ gjj> J^Jrl 

*_»l^. jj- Jf- p* ,32.4 J^LiJl J lulls' aJSCutSL. oliL. 5a- jJ s-Uj fUJl L^£ 7.4 

l_jljjJl »i* aty-Xi (Stylus) J-3»— Jl jil f*>* Jbs-jt ,oUj-j ^-l« ak-iji uftj'j" 
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Computer Graphics 



*$/!)&<$ . q/ybo/^yj 




?x]a~Jl Jb- Jjs*^! S^il vfjjj?^; L«L» f U}f 
i*_j uij> 3__j2jai* Jbol ij^A-1 JLAsJ CJl*.tj*l c-^S"l 8.4 

.(Choice And Valuator) ^ >&■ jl~*.l jU 3 *^ 'M 1 *! 

(Prompts And * U — *»S/l j <ol$ — ^jJl jjiy ^ ,Jl5' 
oUL.^jiawJfii* ^Echoes) 

U- J ./.^ ^ J&i c-kii j^JJaJl Jai JUol f JlAi-l JlSLifyl JaJaiS ^.U^j Jli. 9.4 

a ,kT J &\ .tijJLJ-l iii jt l^Jl ix ^ Jl^^l fLufc^-li JLlJi_j 3jJU- ^iSl £*lv 

.SJiidl Jl^-iVl t-»^*o Jtj^ jt»jJ l^U>ti*l dl^£ oljT ( Jaii »Jli» 4»-jJ i-.jrfrf jl 10.4 
^ U__ZJ . 4 ^:l i y '|j jJI &\)skit- 5^-j J ci^Jbi Jt£iS|l JaJaii £-1^ t) j^6 11.4 

^J.1 llr _ -i^i d)& c^y d^a -9.3 ^y $ v-L-Sfl Mkdl <^bljJl j> i-vJl 

t_jtj^iJl J jjL* ,jjj5o fLiJlj 4*»^ail SjJIjUJ (Boolean Equations) a^Jj-II 41^1*1.1 

.(Truth Table) 
a ,\ y . j J—**JI *fe«# SisU (Aspect Ratio) ^Vl £^ V-j J*£ ^oJI s-ikil 12.4 

~- -r> j i(inquiry display space size) l*>jl«Jl 4s~l— • **— (•!A*i-»l tl/*j fUs«-/l< 



ijj My.j 



I J^P «la£ oJsU liJ jS' 5jjj 4j1_jj jL^"*"' liJ&t toUz*» SjjS oJiU ci-JuS 

Oi YSJL-js. jj p ;ljL* ^IjjJt- t^f JL* J* .l«l~Sli l^jUH flOAs-'V J*p iiut 

c^-L-jujII ^ 8x8 a* *>£=* 5»-jJ J^ UjUs^ oUj>» J^tj gi^iJl oJ 01 13.4 
cr-.L.j-^-j Ak—-!^ (Simulated) ^^L- ^ of a — «U> «AA ^/So: .*LiJlj ^b^-Jl 

lij Jl ^al o*U_prl d>*i-l '^.r 1 f ^' ^^ <J U:i l ^Wj*! fla^i-U 14.4 




JJJ, 



oj>Jb^ 
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Ugh»bull>oj wireframe, rensi'teti v/ii!i 
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Computer Graphics 



<T*b d*ty - c/yb c/^yj 



&mm 



(Transformation and Modeling) l^Ju^\^^^=>^\ 



% 



Affine Transformation 
General Transformatioii 
Transforming Lines To Lines 
Translation 
Rotation 
Scaling 
Shear 

Concatenating Transformations 
Rotating About a Fixed Point 
Homogeneous Coordinates 
Matrix Representation 
Inverse Transformations 
Concatenation Examples 
Transformation In GKS 
A Transformation Package 
Evaluation Procedures 
Accumulation Procedures 
Applying The Transformation 
Symbols And Instances 
Symbols 

Modeling With Symbols 
Modeling With Relationships 



(Lyt) Sjiltf *^>%j£- 1.5 

\Af cJ%_j& 1.1.5 

J»>* Jl i.jja*. cJ%.^- 2.1.5 

JUdl 3.1.5 

JUX 4.1.5 

iUufjvjJu- 5.1.5 

ad 6.1.5 

aLJL-i. cJ%ji- 2.5 

4iU ikaJ Jjs- jJ_J-*J 1.2.5 

LyJU^d oL5lJL»-l 2.2.5 
^yLv^ Jvi? 3.2.5 
cj!sAj^»JI ,y£** 4.2.5 
JJLdl ^Ip aJLi^t 52.5 
GKS ^>i- $ ^j^Jl 3.5 
O^j^Jl ^.I^j l»y>~ 4.5 
(C^iJl oUl^l 1.4.5 
^1^1 ^tl^l 2.4.5 
o^jj»J| j-^- 3.4.5 
iJLaUio. oVl»-j j jj*j 5.5. 
jj-j 1-5.5 

jj^jJl ?Ja-lji Sas-JLJl 2.5.5 

ol*!>UJl £. ivJuJl 6.5 
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Computer Graphics 



&%&&)-<yjb!>cy\rSj 



A Simple Robot Arm 

Modeling With Transformation Matrices 

Animating The Model 

Using Hierarchy And Recursion 

The Robot Arm As Tree 

Representing A Tree 

Traversing The Model 

Discussion 

Implementing Of Abstract Data Types 

Operation on a Tree 

Another Implementation 

From Segments To Structures 

Segment Contents 

Directed Acyclic Graphs 

Structures 

PfflGS 

Viewing A Data Base 

Programming In PfflGS 

Modeling With PfflGS 

Exercises 



Jt OL~J^ ifcj-j £\j i ] .6.5 
,Jj^pu)l otijisa* l)s^»\j> orJuJl 2.6.5 
g-ij^Ji <S>. 3.6.5 
J^U> Jjjj ^.y, j£j> fUst^l 7.5 
Ij^iS" J^l ou/yi ^\j-> 1.7.5 
ij^ju Jjtf 2.7.5 
jo^l jLirl 3.7.5 
liSU- 4.7.5 
JjJLij^ oljUj j- Ijil JLijJ 8.5 
•j=^i ^ILp ii>ULp 1.8.5 
jS-T o-is 2.8.5 
JTUI Jl ^JuH ^ 9.5 
cUil\ obji^ 1.9.S 
VUl M 1 *-^ oD4# 2.9.5 
s-^V 3.9.5 
PHIGS **J** 10.5 
liUL* S-tf-tf SJL»li* 1.10.5 
PHIGS *->^ J s^l 2.10.5 
PfflGS Ojk. it-lji a=rJuJt 3.10.5 



«*J 



W 
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Compute, Graphics flto&b-Vjfad*JJ 



&9^** 



(Transformation and Modeling) WLalfj U^t$**N 



5__«jiaiil 5jJ5 JLc JLi^-j 4iuJ-l oUj^JI i^jjod 5L.l£jl SjJUJl SjjjS' *»jO Jl 

■ - ■ > J - & J JLs-lj Jll» j'lJb^Liu.b L*3 OiJ .ULj Sjjjii* «.Lii tS l^ 0>!)Ajj^ «A~i£ J 

Ji L« Lyi ^ WC «Uu J \4ksS f gJl LJLrf Sj>J.l cLiVl 01 .L«U S-uLiAl 

.DC pUfli J «j ji*^* sA-S-f Jl aJU 0^. Jj^ f ,yj tNDC *U*» iJS ojjt^ *Lif 

s.L if J aJ SS'j^cdl cjUj-jJI -ja^S .i£jM ijja oAp J c/5Ajj^*J1 jfoj 

j * s-U-S-Vl oJU Jjj^ *)a*.ljj IoLspI Ijla jU-l »^j t^—blt ilJjJl t^ LjLj SjjJsi* 

Sjjl w ~» (jlp JUsu iiyJ Jajaii *-£j jl JJIj^^' oyb ^.n.^iiT Cj\i..)n-\\ .^M <l)t£« 

\^ -nhjj (^u»ljS'j Jl^>L>j aLiI&u jSljij oUjUlAS") «jjjai<i s-Lil ^ i-iP aJ~U-«j 

J^L_^ ^ jjS-Vl J^ii £->■ oL.j-.jll Uj? <JuUL<f JUi J*« gJl ^^lij^^U lot. 

* t f * 

(Affine 5 — jifii o/)Aj y^ <-JyZ (Line- Preserving Transformation) JsJ-l JLp 
■£_Jl aja. — -j g. — >\ji l»js- jijJai f ji^« tlA* ^ f^&z lib- j Transformation ) 

J ji«i li*5 cO*i|l ,^»- .isrJU-Jl j O^JjsJI fljbii-l J\ Jj>»IL« t villi Jbu 

Bjj__laJ.l s-UAVl UK \* ol35UJl ijjliil ^-iLJl fJbii-J .ija^ ^Ujjtij Ji-JaJl 1 1^ 
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Computer Graphic 



<y% &fy - z/jty GAry.J 



>., ..ah-* SJUai. SjL^Jl v_-JljJ il)j£j ijlill J~-> (J^ 1 .Ujp- cSJJl lUil ^ rol* *LJ 

(Afftne Transformations) (Augbf) &£fi? &XlP& 1.5 
(General Transformations) kl* o'Ajj^ 1.1.5 

;_;-Ll UllP j 4j«~b Sjjvaj -bjjail-l jj4^ d! Lf*Jj> SiJ*ai i-jL-"! iiU* .ijJoiU 

5 *k» <il (X2,Y2) j (xi, yi) oi^ uy C t^.1* a4« J* jf J^y- slSLs- jL^"i/i 

.1 .5 jSCill J uu^ j* US" T j*jJIj 4JI jui^- Jjj^ 3k-»j< C 5J*far ^y^. 



(x«*) 




(Xl^l) 




(x'.yi) 



p- 



Ly. 



Ajaii (^t 01* cAssJ.1 Jsi£ ^^ fLbAA-L 



trf i-- C* &»J.I Jp SJ*JL*- <Ja£ JJ <Lj^ pi C t^J-l ^ 



P - 



F = T (p) ^ ^ y 5UJ J ••** ^ j^ 1 u ^ r - 
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Computer Graphics 



s/fyfrty-VjA^Sj 



.i^JL Jij^dJ ^JJl lJl^jJI J*S ^Jl *u*»Jl T ^->- 

L_w.>^. t) 4_JjVl ol_5L&1 j,lk C i^l Vj C ( >^l ^ '*^ 5jj^ 

Jl C ur-J* '* «»» -pl { Pi } i»UJl ap^^ J*/ 4~iJ L. Utjv. JjU a5 .oU rj y 

L__^ cC -s^^uiJ 5jjv» JLp J j*J-» >l ^ -C' j> US, {p/} -Ui **.r^ 

j s L^Jj c^l5oT iijall o Ju> 0? £• .oL*j^^l oL.jrJai. jji** ^Js- <^>_f- j>^j 

(Transforming Lines To Lines) J* jW- Jl J> jk^ Jjj£ 2.1.5 
oyyj -i <i~»- iJa^JU aJjjA- jiT^I oU~Jl t£Jb-J jL»N4 Jo* i^lJ t Ji^ 
iJL*. J j tJaii jcJbiJl 0"U 0j>- r^ tc>ii .'Up £*J uiJa£ <^t *k-ljj L*l£ JaiLl 

*L -j flJLA 0j& .Ujaill ItLflJl ^Jail •/>=■ i-laiU UjaS 

jf cpL-ll OL^Jl flJts««>l k*"jt iijSC ^i-s- tOjsUJ *JUi 

j-^ t(J & .LalSLi*. J*- Jl J^^i jl ^ IJU ^ cJa4-l 
(Wb V* «*u* 2.5 J^» j ^ ^ ^j, J^. ^, ^LLJ, ^ ^ t jyj Jr<i>i 

Jt _ s ijj ^iS^Vlj jrfj^l JLp J*^j" o!^^J» oJLa .i.jki-1 JLp Jail^ =uLiJ-l |l Ip 

d\ .2.5 (_) £ -^Jl J Ofe* L*^ (Affine Transfonnations) 
l)I ,. iuxt i_jj-«ULL cjUj— J\ <j 3UJUI o!>Lija*Jl v' 1 ' 





J (Xl, yi) t> , ")j ft '' ijy J-^J -^ ^«i»* ^i-J l/'j 1 *^ 

5 Jjlyijl Sjj-.au JcJaiJl JuU JijJ^j li*» I il . (X2,y2) 



J*>. S4a Jjj* 3.5 J^iJl 

j5L_ill ,) UT Jljdl Jp (x' 2 ,y 2 ) j (x' ls y'O Oj^ Jl ^1 Jij^l Ji> ^ 
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Computer Graphics 



&fy 6*® - <y_$) q/*sj 



£ — Jaii Oii AlvoijJl Ja*- 1 **)=» Aja-lj* UjJjJ ^ Ja^l J,UJ *p*- it »Lw ^ .3.5 

c(Rotation About Origin) J^ty At* Jjs- j. jJcJl . 1 

t (Translation) Jlis'VI .2 
.(Scaling) (,j«~iJl) -sl*^ j^ .3 

f.^, £ ^gLp oJyii* aJslSJ ,-* iJaiJl a JU jO^J \j>Jc& .p' SJbJbs- it^ ^ p 3)aij iiJjy£ 

j_£^ I Si t jjJaJtl *-(<-£"Jl ^l* **SljJl Js>liJl *^ cs 1p Ifta^laT *i aJLxJI ^-ju j jjJii* 



Ay 



(x,tf 



Jut^i 4.5 jSCiJi 



(Translation) JUb«|I 3.1.5 

<J^ ""^ l5 lite* l* 3 " '3jjL-i« C^liL-f. j jjzj.1 tjj^Jl 

/j— * 7T jj 5)-j ■ »l«j 4 JLwll oJLA (_JL^a« Ljl>w«Lj .4.5' 

x' = x + Ax 

y' = y + Ay 

"Ax" 



. P' = 



,t = 



Ay 



p' = p + t 
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Computer Graphics 



&% d*ty - <?yb c/^yj 




j.jjdi 5.5 JSLsJi 




(matrix — 



(Rotation) jij-fc)t 4.1.5 

i) £ — > y * *j* '9' ~*i$y. J-*>Vt '*&& Jj»- jjj-dl 

iJL, L. aj«-!)lc. jjjJdl ibl*. £»_/*i-l LspU^Ij t5.5 j£dJl 

^1* AjaiJl dlL- ^SJ Jv»Vl *fc* Jj»- «JmJ UjjjJU *Llf 
(Polar 4~k*Jl 3U*vaJl fU>U*.bj . J*sty *Ja£ ja C-jC 

:J^ J^ 6.5 jSLiJl Form) 

x = r cos <|> 
y=rsin<|> 
x'=rcos(9 +<|i) 
y-rsin( 9+ $ ) 

(Trigonometric 3 — -ilill *__ ^t flJbt; -Lj 

: j4 tujrtijij £j*^ (sine and cosine) fli vs^'j s-^ 8 *^ Formulae) 
x" = r cos co<|>- r sin 9 sin<j> 

=xcos9-ysin0 
y" = rcos sin § +rsin 9 cos fy 
= x sin 9 J- y cos 9 

: vector multiplication) 
p'=Rp 

cos0 -sin9 



^JziJlJ^i 6.5j£iJl 



R= 



sin9 cos0 



5JUI Aijiyall ,y& R ii. 



(Scaling) : iUjty jj-AJ 5.4.5 




— *wpK>* 
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Computer Graphics 



grtytpfy-Vjfy&vyj 



x'=ax 

*.,, iJl il >of ab — ill ,*jl cpjjt- 1-i* cJb-lj j^* jjSl JjJ\ j&5 c-jU OlS' til 

ji ju ^ _&*& {fs. ^JUiT -P= -1 j a=lUJUp c8.5 j£iJl ^ cjlill J~- JL^ 

p'= Sp, : 43*i.j Wji-A* SJLkP ija—lji jIo^I 



(M 



y 
► " 



^l-C^I 8.5j£lJl 



i 


y 

k. 







.(shear) : j^aS 6.1.5 
.9.5 jSLiJl $ Oi^ ^ 't/»^l ^s*^ iiSj^f *tl*^ *1L» 



y 

▲ 



i 






w 



x- jjst ilj^l ^ ^ 9.5 JSLsJI 
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Computer Graphics 



U**— «JI £— °j> •*» <uU* JSCi .^1 jUi. 3 Jb£ 4, i,jljH .x jj*M alJt>l JLp ^ 

•y JJ^ 1 ■ slj ^ 1 Jp 

r^ US' o^Ull fl Juk OjSo .10.5 j£-iJt 
x' = x + y cot <|> 

/=y» 
H = p cot * 



y 




j 


fcy) 


(x'.v') 




j 















.^aill «J»Ul. Jurf 10.5 jCsJl 



oj^ — - 01 oU-^ll ^jssTj f ja^j ^j t ^yit oULp ^ ^Aju^a j^ m 

.V-L-Vl oULxll Jb-t 
til MJUl o^I ^ o^^J iJir ,- - .l 4*^1 v-L-ty oULJl ao* 01 

JJ-fc' *tf * X^ V*/ •*» iJlSU J*~ J* .^ftlyiil 0j^ Sj»-lj JT J*T f 

. V»L.ty oLLJl e o* ^ aj^ij, ^y^Jl oJi* jJbi la^t .(Arbitraiy Axis) 
(Concatenating Transformations) U^lgjfeUj 2t"-*~ 2.5 

i-^5 M j^L, dUi £. Oli ti* 54J J^ ^iUJL ^L" ^yi jj^ L^i J 
Ai*P jl .yiJL- J^£ 0j £ i^f ^^j, ^^ ^ ^ ^ U| ^^ t0iJ ^ 

J j^ii <f>j; ^Jl <JUiH oLUJl ^| ^ c*^ (Concatenation) J-JLdl 
«' — *l Ji **m ^^ l J a ^ Ju^ ^ fjij mi fti ^ ^ yy, jrf ^^ j^ 
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Computer Graphics 



&tyd*ty -&_/&) cAyj 



(Rotating About a Fixed Point) *att && Jj*- jijJd\ 1.2.5 
^ (xf, yf) t JvV» sky o-J ajai J^ ^ jju jLipVi ^ a^l; ^ j>j& 

.11.5 J£aJ»,J 



►' 



fUjijj; 11.5j£iJl 



£$£* 






L 



-jib ji ,\fJi\ '4** Si *^ ^^ J^ ^ *l£-sAi ••** Jo*^ fj 23 

.12.5 JS^iJl j UT c(-x f ,-y f ) jUUfc J^Uall £*• JliSl ijfeiU •■*» 



i 


y 




■** 




I 




tobJl aUJl dJ^ 12.5j£iJi 
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Computer Graph** <&*&-<? J$&*yj 

X = X - x f 

y=y-y f 

(X , y) akaJl g~3 cJJ cjA US' J^.^1 ijai <Jj»- j>jX u^j: cft\ -2 

X = xcos0-ysin9 
y= x sin 9 + y cos 9 

s JL* f- U- jl «Jb. M ; .(-Xf, -yf) jl-^. t^j- JS' o-ljlj U*5 LJj& c^lLjJI JljT "i/ 

.^l—all »l ^Vli j& jlJliil ^ ^ S^r* J^ 1 * ; ^ *'j*-l ^L-H ^_> ^ jV 1 

^a»" '(*', y') dj& 5>*Sll biii tOil . JL«Vl l**»>« Jl *^^ <k*Jl «Wj 

x' = x + x f 

y'=y+y f 

jSLJbU f Jbt: *J U Ulp- . Jj^l JiJl U~* ,j-j^ ^* Jja^Vl U**ll oJL* 

«> I pt jL f ji t^AJl jyjXat* cfJLU 3u-U«Vl bjUU*~P ^ aJL^ JS' Jaii ^,-J t^j 

O^al «* (Jb J^U 2 - n^ViUll oOA »vj l!&**\j) t,{?y\ .Liyf JUil -Lu-iJ jjh jLUVl 

x' = (x - Xf) cos0 - (y-yf) sin 9 + X£ 
y' = (x- Xf) sin 9 + (y-yf) cos 9+ yf 

(Homogeneous Coordinates) i-ulstts* C»LllJb-l 2.2.5 

5 iliJl Ajaill aS'ja- t yw*S t Jjty SJLwJl .A^U 5jj-^j 3U>_^ Oj£j *J O* l^li 

-a_Jlill S_JL«li I .f j ,ol^ SiL/,1 aja^ljj V^JLif J&i ^ t J^| 5i«; J} 

A xCJt 4»lv?l ^ ojLp jJi O^^l 4-hjJU .4»£<— *AjMA <~>ji> -UL*P ^Jfc -jjjjjl 

233 



J.I.I'. I.. '.IJHI.IJ.LI.il J Hi J.I I. I„|.' I I. I l .l .lll .'.|., l|. '.II: 



Computer Graphics 



(rty&rtb-qyyiScAyj 



a!^ iJrl^ Ub,t Ul ^j ;>U^i ^^J ^u J^ a^UdJ oLJU^I U jiji 



al*j *t 5J*5C a)aa:; p = 



il~Vl VUi *)*£ JlJL^b ^ .iUu^l 5-Jtf cjUL&J 



cax 
coy 

CO 



4j. — »ill jl i_j^JU liJJi j 3~JU*i« CJtjlJb~)j IftLifj U Aiuu ,jy Ji=Jl L5j: Joa^Jl 
©2_*J J** L^U. L*S^ i3l*jVl aJUJ AjiL^I oUj-^ J .SjjjvbJl v ...,^ ca J^ 

& — -I ^ 4_£>Wl \ *\J]\ ISIJL* J^ c ^s, tA-OUi. tuLiWl fU*£-.L 

2 — Jaij Jl Ul i Jlill J^^- ls Ip .oULjJI aJi* *?*^t *j« JU-I j* L*^ c cjIs^L^ 

JL«jUti« oIjI Jb-b Ali.i.1 (x,y) 

X 

y 
i 

: ^ US' a^ j^J ^ t^iJl (x', y') JiA* ^ Ji (Ax, Ay) jU* 

= T(Ax,Ay)p, 



:JLJtJl AJji^l! ^* T (Ax, Ay) at ii~» 



T (Ax, Ay> 



o 1 A" 



11 



JjvaJ-l SJl£.l J* 3L*jJl *5j^-J li^L t**^ 1 -*»j***U Vj^ *^ *'j*-k J 
jU-ill dJliil JmJ» ^ .AijivaJJ ijyU* Jjt j* U^Vl JUiNI oMaU* J* 



'CD' 
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Computer Graphics 



gftfrV-vJbat'./j 






R(6) 
H x (+) = 



'cosO - sine 0] 
sinG cos© 



(ft 
P 
1 



r \ cotA (T) 
1 



(Matrix Representations) iAjLe* £>%:£ 3.2.5 
(Concatenate *_- ilull c/}A — jj^JI UJu ^Jai^j ul£ <£j of L^jucM 
i^li^al! £» cJ%j>d!\ £ja a1.. L » ; Lu* ^jBfiA .il»L*j Affine Transformation) 

0j£: (Oil . V-^-Vl lid*fr ^Jb-I J*j? fcji^. JS' it^- t p ajaii JLp C,B,A 

p'= C (B(Ap)) .^ i4LJl Uj^I iJaUl 

^ US' JtfaUil 4 Jla V^ bUI ^i7...i coliy^iJJ a^JJ^ ^l^i-l fUs^b 

p'=Mp 

:*JU» HjLA\ Ji£ M 01 i#- 
M=CBA 
L-C. cdUi Ja*-"^ .»Jt>-\j Jiiji^. ik-ijj ~4*>\zj> iuiJT; cJ%.j£ J-if j-jSu: tlJLSU 

^Ip J-K-ioj tt)t 
AB*BA 

5*.lj — «Jl ol — £1 l _ r SU> CB Ap J ^U*Jl v^o 1 <3±ik"> 0j£>> oi y» j^T JU»\ jU£ 
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Computer Graphics (f Vj) <fc««j) _ tyjfy iz/vj j 

c^>lajjLaaM O >»^ ***-** ^JWlZ««Ij liJJij 2uiv3 cA$««lC,. Sj.VjajiJI t^iV^dl Ji-Vi ft** 

5 alSLi Ai-^ Jl IsbU* Jijp^ oi* J ^iAl 5JUp fyH .(Matrix Transposition) 

P ,T = p , A T B T C' r -P T M T , 

:^ ;£tell bUjk^ 0j& cfcjtf ijai J_p- ^jvdJ UU* Ji j j«j 

A=T(-x f ,-y f ) 

B=* R(9) 
C = T(x f ,Vf). 

;*JU)l aLJLJ.1 *SjiL»all £ZJ «JL* 



M = CBA = 



cos6 - sin0 yf sinG-Xf cosG +Xf 
sinB cosB -Xf sin8 - yf cos 9+ y f 
1 



(Inverse Transformations) £J%.y*& tfjfi** 4>2 - 5 
i«o (0>L»_y-jU b^^iA £* cJ%y^\ fla^i-l Ui^c. d*£ j-^iu «U-M JJ 

P' =A(p) 

P=A>(p) 

Ijd <. 3x3 «>^ c^«" A «ji^il t=UiU«=* oL^I f U*x-bj 

p'=Ap, 
p=AV 
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Computer Graphics 



tf%frfy-yjfyd*jj 



(Scale jw ^l~Vl ju« J>1** flJw^l-T 1$jIj Uui kl*» ty ^i i« j*j> j£j Lib 
oV t*^» ULLp ^-Jr 5i_pr ^. 0j5j ol~.j£*ll cli^Aj Factor '0') 

(AB^-B^A" 1 

^j—Zju. dj SC aU$l jsJJj jij^ 1 (JUi^l v* 1 -^ 1 oLLwJJ i-~JL IJl£a .-9 

louts' o^jj^JI 

T^Ax, Ay) = T(-Ax,-Ay), 

R-^e^i^-e), 

S 1 (a,p) = S(i^), 

H X - 1 (*) = H X (-^). 

(Concatenation Examples) tt ...J L .it J* iia»f 5.2.5 

3, .L.^1 oLLoJl sty jo l^ jijdl J^s. Ju^aij jiT^I VjULp ^ jg 1 cft\ 

(Xf,yf) 4 — -Jj Akij Jj?- ilw^l jJu jl~P^I jla^ JUlJ cjlill J«-* ^jl* 1 .I4— jfs*/i j 

.13.5 j£iJl t) j^ UT 









W*. ijj^aj iUuSli j«^ 13.5 JSCili 

jl .Jjj»J1 jS- jjJu DjJb liliJl l)aiJ> ^jij tjij-XJl £* JU~l y* L*S"j 



:,-*j a^UJI j>jJd\ aJL»-p j c-«JW«i-'l 
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Computer Graphics 



#% d^ - q/J§ cfl>SJ 



.J-A\ \&*j* Jl Sij*5tj AiVih aJaiJl ^yi f j*j .3 

jk ^jikll 3x3 iiji^il Oj& i j£* 

A = T (x 6 y f ) S (a ,p) T(-x f , -y,) 

a (l-cOxf"" 

= p (l-p)y f 

1 

V. J 

.2x3 4» ji-rfl (J^* 

J** J^ j>> fryr iJ (Reflection) ^iS^Vl jW*N» >j ^ ij^t JU*^ 

.14.5 j£ill t) £*>j* y ^ «(Arbitrary Line) lSjW^ 








S (-1,1) = 



Zl 





o 





1 











1 



V 
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Computer Graphics 



& \j) frty _ yji) cyVyy 



y=mx+h 



SijljJl il£l L^c. mi JJ.I £• foil 



6=tan 'm 
y- jj— £ £. jij-ldl jjs*- (Align) «_J-*v £jks-J .X- jj* 1 £• JasLl > g»'"^j ^ 

s -*- jL_^l Oj£, t^iUi Jw-V .^j-i (<|> = 90 -9) if Sjl-O" 4jjlj VJ*^ ^J 

1 



sin<|> ; 



VI 



cos<j> = 



m 



Vl+m 2 



J- ^iUL* Oil .T (o,-h) <~ J^Vl SjtB Jl jloll jjil Wjl Up JJoT 

Ij-Aj i_JjJJail (ky*^' tj-i'jd L^tJbUwo 4~*L*I tU^jj^- 

.(Shift To The Origin) J^SlI *JaB Ji ^1 #1 • 1 

(Rotation to Align the Axis ) jj& u±*>ji jjj-tf -2 

(Reflection About They- Axis) y- jj^l Jj=- jj-l&^l .3 

(Rotation Back) *Ij_jJI Jl j.yZ .4 

(Translation Back) flj^Jl Jl J* .5 

.15.5 J-CiJl Jj^Uf 



-^K 





** 




otllij^Jl ^ JlL-L. 15.5 j5Llll 
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Computer Graphics ^ fcfy _ yyj) ^ yj 

: *SJ.\ yy^aij OjSvj toSU 
A = T (0,h) R( -<|0S(-1, 1) R «>) T (0,-h). 

j— • <_Jjtf ^- jt) ilill j, cjjjf J, ^U, J,^ J jv« ^ifc J,^ gip f j^^ 
i^ o!)A — i_>=>*Jl fl -As« -I 3 — -i-T 3 >j*» Jl SijJl *Jax-J 0^1 .aJWI j£j:_ ajar-* • 

(Transformations in GKS) GKS itftitf <£ U^JftLll 3.5 

tul *jji^ jj — » J — J-AP Jj GKS **jJa^ J iTJ^jpJl f IJbiL^.1 p-p Ja-I j^ 

cjl_^jlJb>-\ *A ,a» J Sjjty oAiL&l t^ijiJ ^ t^-eUavVI j. j**& ~& £• ajjUllj 

UJuo .3JU-I SJUbUdJ J>jjJi Ub«-* ADC oCUb-J (.Ui Jl l^y f jaj WC 

J_j t LU ^u) WC *U* c) Jjl OLf J^ L.T 4iJL- LuSJc. iU Ji_^ jjai u-Py 
(Normalization <£j\ j«U J— ij*^ 1 J — *i 4^=" li ^t jf (NDC tU» Jl *li_^ 

.Ubr Ailst puli JU«; o^J 3 ^ ijs? 1 * .Transformation) 

^ J>j^l cj^jU- j/w-ii £ SijJl ^ ^l^J* 0*^" fc !-«- *J^ ^jW ^M 
iil ±\ Jij^Jl lJUh Jj^ L^. . jldl J^iJl J l^lj-^l f £» NDC Jl WC 

y_Sy> j c ^ oU ajrf 416.5 JSLsJl ^ ui-* UT WC ^ ^i ju» -1 
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Computer Graphics 



<yfy &ty - aS&!) g\ryj 



(XnuipynibiA 



(XfttU»yjn»J 



o 



-►x 



■>u 



M 



k 


CUman^nux) 






VUnrimMnin/ 


►u 



Cc> 



£) t^jjJl W^J jL-JJ ^LLJl %jlj» Jl iisUU jL-JU JLUl iyljll JUsil -2 

£ l_-T oMiL_«ll (J .^.. fl ^Ip Jj-^U jAj tdJUi OU^i dk* sJk- 1.5 -ji^Jl 

ol—JI-H J J ej^l l-A* <->j~" £» iij^il Jl U>f Li! ^>J .( jlill J*wJl 

3. tjfl-/»M 4»-lji *i*«>j f ui** ^^ Jij^ jM*^ 1 j)^4 -k^ ^ .N — ; a— llss^« 
i_JjSl oUL&l ^ NDC *Ua» d "**<^> ^ -WC «.Ui j) ^L-laj L^y ti-^- A 

.aJUi ^rjii yy^ii aja-i^ ul.j^ fj wc ^ y^i» i-uSn 

B=NA 

F = Bp aJU JT Jb l^yai ^ ^Jl j 

* t ' 

L>Jb<s — -I L_Ji*s ^ NDC frUoi J A J-ki li.3 ^J nf/^l \=-K j* Wj 

C=AN 
■kj\. :i i)jx3 c (Not Commute) SlJIJjI jip SL»Ip Sj^oj cjMjL^1\ l)j£J l^liu 

.iJbr •>&& J jt OUT JLp C j B jj^* 

(Object Or y— ^ jf Jii. ^ Jo**^ - "tfjf hj^ A^ 1 J 1 * 1 Jy*^ 1 J^ 27 
4—>$J\ U~* JUj J,!j>J* j-Jai Uj» (^ ^ ilU-1 L«t .Modeling Transformation) 
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Computer Graphics (fty&ty- C/y^ 1 ) c/^yj 

GKS a — »jjii> j. j b .(Image Transformation) «jj*«Jl Jjy^ .y-st Sjl*UI> y 

s.j^-iJl &%j£ £jSj ijj^\ &%j£ Jbjji CORE OjJjluT iSj^j] o-UjiaAl j 
J <jf J jJbi ^-Lai cLLL. Ua^-V US' .4*JaS j£l 5i*a <jUx. 2x3 Jjj^ Oj*a. jpJ 

t :r — «Vl £5^W J .4~Jb*i* .oLjUp-I J ,-aJfc Jjj£ JjW ^Jl 3x3 *»*i*lll j* JfcivO 

(Identity Sa>l — *M 4»yL*ill ^* jJ^m Jjf Jl 3jjL«-> Oj£d ^iy^ail aa* ^Up) ^ 

.Matrix) 



poo' 

L° l ° 



(set segment " i_JaiJl Jjj^ oJ "GKS *Jb ik-U; 4»y*all »A* js^" j&L 

tranfonnation) 

void gset - seg-tran (seg - name, tran - matrix) 

Gint seg — name; 

Gfloat tran - matrix [2] [3]; 
l^UUS" J* <j^u f ,yj tran-matrix Jl «ijl~> *£^ A iiji^ o~J5 ^ 

fc*. jijj Uyt .fy NDC *U* Jl l«M rf °' *^ seg-name aJwK J SJ,? 

:U» (Two Utility Functions) «-a*L-» u^ ojUj-jJi oUjk> 

.(Evaluate Transformation Matrix) Jij^» *>jL*+ ^Js -1 

(Accumulate Transformation Matrix) Jy»3 *»>«** f*V -2 

3 ^t ji^ 1 °^ -tran-matrix Jij«=ll «>~ ja* J 1 *=**= «3 UapL "" tf* 

. JSUjIl oJu ^ *Up ^. *il &U, «Up l^t »** ^ j* 

._, IjS o^ O^j. ^j-VH <**r* ^ « ov ^ ^ * «* 

^ aav ^ O j6 <GKS *>* J <^> /^ < ^ S ^ ^"^ GKS 
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Computer Graphics 



(/§ d*i& , <-?_/§ c/ Vyj 



Ji j US' t J^uJl Aja* Jjj£ ^ iUjuj J*jJ| 4^ Ljlf- oijas- ^» Oj^J Of Jju SjtJaiM 

.17.5 J<ih^ 



Primitive 



Viewing 
Transformation 



Segment 
Transformation 



Workstation 
Transformation 



&%y~A\ ,_-jy 17.5 JSliJl 
ol_Jj£. J~xJ ^ "JLiJadl J**Jl =iia^" ^l-iJi JuuJl U j^j jLtf-^l IJL* 01 

:aJIxH Siji^all tjlill Js--. Js- .(Panning) SjjvaJl ^j=^ jt (<~sj j* js«£-Jl) 



A = 



2 
2 

1 0.5] 
1 -0.5 

4 j_5Jj tl>*~*j U— o- IjJLj IJL* JS' ,(jv»Jl ^Jj Uui'^U AaJaJLlI Sjj*s> 4=>— Vjt» f yo 

.tzAijit^o iif\ «i jjjJal ilS^JL* ^a»uilj L*JL1P 

.4 JL*all iiUJl ^ jL-JJ JLLJI ijjIjH ^ J*aty Ajai 0j& iNDC frU»» J 

:(NDC &L*i £) aJU» AiuvJl t5 oliy^. -jjal of 

A= fCosB -sine 0| 
I SinB cose ol 
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Computer Graphics 



tf% $*&) - &yi) c/Vyj 



aJl «._JL-t ^Jbtu«» aJUi«j .alSLii.1 *jl* J=>- :*$— 

Jj :- A*Jk5ll J ijar^U jjjadl j.^! ^jJLJ JjLJl 

4 j alSLiu. d-UL* .Aspj; 



NDC *U» ^ jijjJi 18.5 JSLsJi 




gjJUi U jJJL NDC frLaa t3 UsjI oliJl SjaiJl OjSi 
ej A 0j& Jit *9j*» J *Ja~-o MjjU vilkt V ^i-kJ» £*jsil 01 . Jij^sJl U4 >>ty 

ur-J* L^-^i t j-^-T -^ yjf .-u^ NDC Ji WC j* Jo-dl* f UJl Oj-b 4jaiJt 

J ;ljiJI 0*4 ^jzo (^Suf dJUi £•) t^JJl c^liji J ijjjl *JLp «JLi .^JbJ p>j>it 

JUb — -J Jlij i*-jl*JI -t»UJ! tffJb-^ *JaiJl *JL* jOJ .ISjjJ-l iuL. j^jJl ** jj&J. ^~-J_^l 

A tS^I sJLi -xt- iJLiLijJsu* J}j GKS **$&* J ojjvaJl Jij^ CjIjO* O— J 

j » i_ .JJtj /Jl o> a< ■)■? tW « t^js 1 jH ij»-UJl j* . iAjar ijj-&i **j^U GKS i^jiai* 

J ij>«Jl oljJi jijjai f J*-*"' ^ tWC t-^fit (^ "jjfc^* pL-J 1 ' *M*-*J tk» - \J z~M 

(A Transformation Package) Jijauti &\ji hfit 4.5 
toL-ijMl J* *■ J olfrlj-^^l it £i .3x3 Lpu- 6jSj oliyv" £* J**^. 



244 



J.I.I'. I.. '.IJHI.IJ.LI.il J Hi J.I I. I„|.' I I. I l .l .lll .'.|., l|. '.II: 



Computer Graphics (fty &&} _ <yjfy &*JJ 



typedef float Matrix [3][3]; 

•GKS '^^ fSyr\ j Ul*p jJ Gfloat — » float .y J*iyd\ k£s„ 

(Evaluation Procedures) olww-'ill £>\*\jr\ 1.4.5 

i -i^teJl A jdilull cJ$jy>iZh tut \l> iyoU^ Aij^- fO^ji ^ L *j >m *-^*rf t*iJl ^Jkt.-j 

. S (a) , T (Ax, Ay), R (6) — . UJJ SjLi^ 1 f & >^^y^ ^L-s-l 

void ev- rotate (theta, result) 
/* Evaluate a Rotation Matrix 
for theta degrees about the origin 
Note sine and cosine routines require 
input in radians */ 
#define DEG-TO-RAD 0.01745 
float theta; 
Matrix result; 

{ 

double cos ( ), sin ( ); 

result [0] [0] = result [1][1] = cos (DEG-TO-RAD*lheta); 
result [1][0] = sin (DEG - TO - RAD *theta); 
-result [2][2]=1; 
result [0] [1] = -result [1][0]; 
result [2][01 - result [2][1]= result [0][2] = result [1"|[2]= 0.0; 

} 

void ev - trans (dx, dy , result ) 
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Computer Graphics (f% cfrfii) - y_/j) G^yj 



I* Evaluates a translation Matrix 
for translation by (dx, dy)*/ 
float dx, dy; 
Matrix result; 



{ 



result [0] [0] = result [1] [l]=result [2] [2] = 1.0; 

result [0] [1] = result [1 ] [0] = result [2] [0] = result [2] [1] = 0.0; 

result [0] [2] = dx; 

result [1] [2]- dy; 

} 

void ev- scale (sx, sy, result) 

/* evaluate a scaling matrix with a 

fixed point at the origin and scale 

factors sx and sy */ 

float sx, sy; 
Matrix result; 

{ 

result [0] [1] =result [1] [0] = result [2] [0] 

= result [2] [1] = result [0] [2]= result [1] [2] = result [1] [2]=0.0; 

result [0] [0] =sx; 

result [1] [1] = sy; 

result [2] [2] = 1.0; 
} 

(Accumulation Procedures) p>\J oWjri 2.4.5 
^Jt j, IjLjLJ j£\ oLUp ^j&J oLUJl oJl* ^i ^Ulj^l Jl ^U^ dUiT 
f a » y.,*u Vj v> ai*p t-\j*\ jjy y piJi io* sSj^i JjWi <s^\ .h £ ~- x2: 0^ 
:3x3 cj\ijL^JS e.\j*y l-i* .AB £jJt j* ^My^* uU^ f j* ^ 

void ac- matrix (matrix - a,matrix - b, result) 

/♦forms the matrix product 
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Computer Graphics t^bH^b-^J^d^yj 

result — matrix — a * matrix - b*/ 

Matrix matrix - a, matrix - b, result; 

{ 

int ijjc; 

Matrix temp; 

for(i=o ; i<3;i++)for(j=o;j <3 ;j++) 

{ 

temp [i]B]= 0.0; 

for (k =0; k<3; k -H-) temp [i] [j]4-= 

matrix - a [i] [k] * matrix - b [k][j]; 

} 
for (i=0; i<3; i ++) for G=0;j<3y++) 

result [i] [j]= temp [i][j]; 
} 
odI pL ^L Jl j£*i ,^J ttemp fc*>* HjLsia jL* f AiJ ttl^^l Id* J 

Sj iL» ii^L/L. jL* LJb *Ja^-j t^a-M ^j .(shear) ,jA«JI *-l>*I «U»i L^U. 

(Accumulate j>_y£& ii^^w ^\y tSj*\ cJlsH J~- ^1* .***&\ oW^^I ol* 
, r £ ^ t RA a_»ji^il ^£j^> r-j&j A i»>^» -i^li Rotation Matrix) 

-IjJj l*^ (i)j^J C *«1j £*^J^ j2>^ Ujiv" 

void ac-rotate (theta, m) 
float theta; 
Matrix m; 

{ 

matrix temp; 
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Computer Graphics tf^ »d) -<?_/>) O^yl/ 

ev-rotate (theta, temp); 
ac-matrix (temp,m,m); 
} 

.XLjaS\ ^jjto ac-scale j ac-trans d&j>rf u^yJ ^-J 

(Applying the Transformations) cS*ij*cl\ jjtf 3.4.5 
4_^U 2, — Uj J^ jj -di yy^, ^^ ^jaj^j ^^ tJiL j, J^, j, ^ 

rikv-iji (x,y) 
ev-trans (-x, -y, matrix ); 
ac-rotale (theta, matrix); 
ac-trans (x,y, matrix); 

:'4^.\ji y=mx+h ^- Jj=- (reflection) ^l^^l JjLj lu£r 

ev-trans (-h, 0.0, matrix ); 
theta = atan(m); 
ac- rotate (theta, matrix); 
ac- scale (-1., 1., matrix); 
ac-rotate (-theta, matrix); 
ac- trans (h,0.0, matrix); 

^ »»j*i Ji c 1 ^ '^ T #* ^ -w^ - r ^ 

p' = Ap. 

(transform-point) AkiJl Jjj^ *Jta j»-»k *Jl-dl a-i* l_j*ai- 

void transform -point (trans - matrix, old - point, new - point) 
/♦computes a new point using homogenous coordinate transformation matrix */ 
Gpt *old - point , *new-point; 
Matrix trans-matrix; 

{ 

new - point -> x = matrix [0] [21 + matrix [0] [0] *old-point -» x + 
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Computer Graphics 



#>$&*$ -vytyc/*yj 



matrix [0] [1] *oId -point -> y; 

new- point ->y = matrix [I] [2] + matrix [11 [0] *old-point -> x + 

matrix [1] [1] *old- point ■* y; 



} 



^ . .. ,iiti w b jo^l ^ =u— i dJUS ■> new-point SJi^ *J«Jl Ji-V i£jjs*h 

f Al l | j a, jt J^J&j .$>£&■ u*z» >-kj*J J»^ data a* ■>***-• *k-.l^» l^iv»_) 

:*ia-.\jj UJli^l^ Jl *Lj£ ll^U. -J-^ 1 *!** (^ •>£ j* <jf O-s- AijjjJ f jjJaJ-l 

tOjjjJLi —2 

.19.5 j£iM c) 2LJ.I o^j^ciH ^J cjLLjJI «ju» 



A/^A 



> x 



-► x 



ev-scale (sx, sy, matrix ); 
ac-rotate (theta, matrix); 
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ac-trans (x,y, matrix); 

for (i=0; i< npoints; (i++) 

transform-point (matrix, &data [i] , &new data [i]); 

gpolyline (npoints, newdata); 

(Symbols and Instances) $iJMm uYl»3 jj^ 5.5 

J J\ ill oT .4*JUJJ SbtT l1^j>3 fljb^l SJy> Jl JiJ Of xja^j j^l 

* l ' 

0-^'j j^— t^ ^ >J>o~' o* ^ .aU* ^ti^; bL. Jj>- fyjj bja* j,LJl aJt 
JI * — kl* f u^J S— ^ VjL-f lsW <ij>; U^c. tLJUja; ^l l* j jj^ jf ^^ 
OJiyJl ^ jOp o^jj ^ULa .il«Sll js^ c/iUU-j ^jlUl «L4V» £• v'jiU' £»>» 
Ij_^ Uajuj 4k--, iij* L5Lit ^^ J^J| ^ j^ ti t gy, ^jj) ^ j^ 

Sj — p j jk* 1 v^ 1 ^-> (* -*» t^^i fj-^Ji u~* j . jii* y J| L.Ui*! 

»il — e-^l 1 . ^jy. ^j ^? ^j So^lj j^. ^^ ^ jf g 3 ip aJ^Ji ^ -OI |^ 

*JJ — •*>. hj ^ f-^ '*•** ^<i&±J\ ^i tcjli-kdl j* jjjT J .«$'>»- tbJf SaJjI 

ic/tfl U 8 a* JL. J .£ i_^Jl ^ C0Jj £l. Sj^^l. ^rfja; *L.l<dl jSijOllj i-jUllT 

a__ft jl U ow^ ji^aJl ,>• JJLSj .(Segment) A«JaS J^U- ^ JUJb-Jbj c^Iaj^JU 

|i i—tfj jl^P^I Jolt jjiU tjlil.1 J*;** ^lp .oli-)aJl jjaju j iJli* i' ^ Aii^^aJl 

j-j-ji "o-lj JS' p-*j U^r. c*jt « .oLS'^l «Juk ^i <^j\s* ijs- J^lS^Jl *-*^aJ\ tSjyas 

f j J q £jj tJajJaai CjliJLiCU tj^jb^l-^ (L^_j iL/iljJl *J^L.^I) C^LS'^1 oJUk 

J . . ^ *Vl ^lJb*i».^l OjSCi as .^ju. U> OjS^ ^ as L: J 4*k!S~ L^. Jb-lj JT .Jy^J 
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Computer Graphics &fy &*ty - C/j^) cA*yj 

JSL_£7 ^1 lilll Ji* 44-Jlj^SOl lJ\J>i\ $ L5kl» SjaJjll jV>b«Jl '**y>& ,ya»J 4jJswlJ 
d)t ij — > Uj V cdUi £» .c^j^^l *s*/»N >*jjJl ,j2»« jl (Amplifier) j»-A«i; o^Jb 
3— Jjfyl L^LS" ^. UJUJ _,^t jj$J /Jl oLtjUllS' t j*»UaJl j—J ^ijt Uj-lJ Oj->J 

J > Jl SjLi^U (Symbol) j*j »tlja*all fJbrI*»i LJl .J»jja^-l CjbJjti^ ti-*LiJl 

.SjjJalLl s-Li^l oJL/b 

(Symbols) jyJl 1.5.5 

Oj^j . t aib JT J .chair ( ) jf resistor ( ) ^ i Jlj^ «Ja-ijj aJj« UtTj 

J Sj ijrdl 5Jj^I oliL&l oJbt^u. j j* Jl jJjd Sjjj^I ^jJl i^>ljL«3l dliL* 

p -*^ J ^jlMl <Jj J.I Lilk*^ SJ**' c— J Iajl»- J j <>* Jl tj^Jj .J^-lj -tji^ 

J >*-k *Jb*S" (.3^*) j^JJ jj^fe JS" .J-JaJ J C^lj^i i "AP Juw j*j _^Jaj Ji .LJLL5J2; 

0- — ^ J i a ^ ls»tj 'j-M ^»j J*J i>* .(Instance of the Symbol) >«.JJ Sjl*U-« j? 
j_-iLil i^ ll Jl (^jjj i_JJiAl 1JL* .-u^. ^f UiJ Jj c yj\ izAk^y Jaii 

,o^Lij>«Jlj jj^jJl uy a j* 5 -^ 1 
(Modeling With Symbols) jj*J\ ik-.lji Ssridl 2.5.5 

<£j ^l i>*_P' ^e* iWC *l*a» i3 Use 3-*~i> »jj*«aJ jj»j o^P <J>dj*J .%"-- 

0L1WI ^jjiu Jl y,*^- "il ai Jl£iT ^ SjLp (^IjUI jSLiJl jf i.jlili j^T) 

lAiAzr oLjIO>-I Ojjil* 4iUi»li ^ jh*M Cj^jLJl liA r-U-JI Japt j* .L^jm 5i»l_,>i <Lujm 

jji^ J^U .(Master or Modeling Coordinates) v*--^ jf V-«Jj oCIjl^-I ^jj 

^l-ji V-^jll oLSlJ»-^l ^.^ jT^ ^ j*j -u.j« ^Jtn-J .'A' ^J>l yj jL^-'bll 

[Post t£J — voAl ljj-.U-Ij jiJl cjIIjjJjj ^Lul l)j5o j_^«jJl oJia li> .3L«iU>t iUjt 

5 — ^^^ 'Jj^i -^^^J 1 v£ ^j • V^W 1 1*^ 1 -! Jl j*jW il«l js-iJ ^a .85] 

iLJLJl »Oa . JliJ^I ik-ljj VjlW 1 £*£> •*& **vOJ yiri ^J^^ •jij-^' 1 'iia- 1 j/>i 
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^d^-yyftgyyj 



(Instaace *_JL- J-o^ w— ^ J — +*■ ^ '20.5 JSjUI J i^ toUL*)l ^ 

Transformation) 
1= TRS 



I 



k 



i 



I=TRS 



j 



H 



Sa*U*.«Jl*- 20.5j5lsJi 



-^ 



{l iJLJi Ji ^V . jU^I jmWj jij-^ 1 JUs^l ols>*, ^ S,R S T at d~~ 

resistor (matrix) 
SjlaLIu. aJU- *>li. u^ a* jl .«Ju»Li> Jb- Jijsi ^ matrix t)t ii~=- 

resistor (x,y, thela, alpha, beta) 
.J^iU Sj^u ibu^i jjJu-j jijJdl JliW cjL^U> ^y y^l 

\ •■< <[ l&\ .fSji yj £ ^S* f u^-^ •**« J * -«*-> ^ *? ^^ ->' jy ^ 
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symbol (sym-num, instance - matrix) 
j — »Jl ^ (Instance Transformation) oO*Li> ills- Jjjj£ j^-ki ^y* t^-Ul 
j Sjjps-jI* cjUIj^I (J a*j ^*jbti-u« symbol _j*j t'j*-^* ^^ aJs^u-j .aJI jUii 
symbol i ll-iJl Ij>Aj *A» c ijSUj^S' Syta ^jawa" J-W a-»JIj .Jj j3*Jl j^IjJ Lhj»- 

void symbol (sym-num, instance - matrix) 

int sym-num; 

Matrix instance- matrix; 

#define RESISTOR! 

#define CAPACITOR 2 

#deline CHIP 3 

switch (sym-rum) 

{ 

case RESISTOR: 

for (i= 0; i < num- resist - pts; i++) 

transform- point ( 

break; gpolyline( 

case CAPACTOR: 

.Sjutl i*. a Jb- jl^ls.1 JJUjj y)\ Juid aLjJI JjlJl j* :o* dJJL* Jb^ 

jjjSj *1S^ 2L-lj3 Ji Ji^- dJJi j- "SlJb -j& . Jil-iJl «-A* ^ >JI o** y ^r* 
.(Hierarchical Model) vy £ il * $ cAtyJA Is^t* ^jM. 

(Modeling With Relationships) olftWl ak->l # 3*-.L3 6.5 

X_^Js Ji Sj Ml « J* .jo jt Ljy" Jjl &£ J* \ t*yh'\ s-*y ^ ^>%^ 

« I Jo 4 -Jli ja d)j£~-» \J^ giji <Jl^u i^IH ^UjJJ .a^ 4-Js li ij-Jai 
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(?*}&*»} -yj-~,^ ._ 



r j«a, jo, d J ^- r 5jl*J jj^Ji ^ UX jjj; Uijf jj c JlsU J^ ^ 

.21.5 j£sJl j 





tf>«i. ijU, 21.5 JSLxJi 

tot^-jJl Jii ^_, ^ .jjL^Ji ^^ ^ 5p^, ja4 ^^ 0|jji j^ 

.^Vj-i-ll jj ,J SOaLI^ o^ a^jlT Sjl_J| ^jjj, J^ jij, jj^ ^ 

■ A> j* -»»->j JU»I y/ a1*~a i jy¥aj Ju j^ (Chassis) j£j»l J^ ^SOr.j 

JjJ — -* 1 j — * t>j^ J*^ 1 £*jv Oli nilJi £. tJ,ji*Jl IJl* Ji. L,jbt^l ^ 

.SjUJj V^Sfl tf>-»j ^"i/jjJl OIjjj cm -MjJI 4-1^ 

J — -Jl Jj .(Simple Robot Aim) Ja-~o ^T OU-Jl f tji ^» Uli. jjSL- .^15^1 
(Tree- hj*<-^- JS"I — -* oli ^Sli J-jU ^ ^ssl aJ^- k^\ a ji, ^Ui- cfaliJl 

. Structured Models) 

( A Simple Robot Arm) Ja^-j ^T OUiJ £l ji 1.6.5 
•j ,Juu ^ a£J-\ J^i, .22.5 JSoJl J jj^. j* UT iz^ JT ^Iji Jl^LJ 

: cy *•** i)^ 1 ^^V £} J * ^-^ ■f rwo Dimensions) 
.«0UpA3 Jl jjit 4k-l^j Jnoi. ^LL« £jji . 1 

.^U~Jl ^IjJJl J* jjz ik-lj, _£.> ^jIp £lji .2 
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( rfyd*ty-yjbcA'yj 






cUSU -jj\^\ Jj=~ ^bj-^ 1 ^a-'ji ?}jj& *0" *$ J^ «Ja«*-Jl (t^ 

A \xfA±£^,\j .*^u / J3 9 Ij-Ul &y Oj^s ijij-^ Wjj -Vi- 1 **^ f j^ 
j 4Jsl-Ijj dllij iUjVl ^SUi £v>j> JLjJbi- jl^ft- <rj>y^ Js^-Jl £J jOll 

j\ ^ -, J^H OL~^l ^ SjjLib f Lift U ^ ,/J ^joJl 1* Ji £ vpy Lit 

a fy . .JiJjiii dJUSj i-i^Al IA* Jl Jjv»jJI Js*-I ,j£JJ ,>* -4~s*^ j^ f j* ^J 
.23.5 j£iM JjM/l^ itf >» £»j-il»j yM-Jl t 1 -^ 1 t5apUJl •>" ^ J -^ J 



-►x 



-►x 



d^L 



-►x 



J^V OUi^l o^l« ^l>«-l 23.5j^i3l 




JV\ OL-J^I o.^- C l>«-I 24.5 J^ill -C J -^ C-^ -*- 

^j, f jS S^L- U,>T .J> Sop i) ^ iA-i^l ^NM*. ^j^ 1 C^ 

zji LS oUU*-^ <-^J ^ ^ t24 - 5 J^ 1 «* ^ ^ «^" ^^ 
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ConputerGraphte _ <&&&>-&&<& *J 

.(Xi,o) Ojudl a*. ^ ijAJ J| 0J f y ^ j,jy\ j,, ;UpU j, j|j5S(- , j 

(x,y) ajai-ll a» tfJ Ui ^IjJJi jjt ofi .2 

(xi,yO aJsjlJI -up SjipUJi ji5jj| jyi ^ 0j £, -3 

-(x 2 ,y 2 ) akill ^ ^LLJlj <5>JI o^ljJJ* Oy jlSijV j^ Oj£ .4 

L2 J ^ J» £}j* II <> jlSj/Sfl ^ -^Jzi; oy ttUJ JUf L, of ^^ 

O-^* f — s«" "^ £?*- .ojl&,l jjst Aki j cSjWl ^IjJl]» JuU oy «LAI J» j^" 
■ <l> J© yjJ 11 (**»_> 24.5 J&JJ J *~il oL.UJ» ^ aLL-^ l«L«i 
tj^l 01 — ~J^J yKj> Jajas^r I.L* (Stick Figure) U*Jl JSCi Jy ^ ^^k-J 

^ O^J*^l 01 .aUIT ijj^u jOl aT> A*JLC aJ^^ LJ g£ k£j>- ^Jl^j Olj 

aJs; «j oilik. flAAi^l Ak-ljj L^abT jSo:. j£j.l Q* tJuaJ ■Jl aJUI oVaUil 

x 2 = xi - Li sin (<|>), 
ya^yi+I^cosOlO, 
x = x 2 - L2 sin (0+<|>), 
y = y?. + L2 cos (8+<|>), 

j\ ol^l ^-^-i lJ&*j lOAjljl* U& *J»* j* (x,y) t-»>3l ^>y jw»ljJl ,>• 

a. .. y&Jl ^Jai ^1 c/bl 31*11 eJu>> of bli jl l^s^o *il a* ._^ob«]l Jy -^J*"^ Jajl jd\ 



JjjMsii olfl^i-A» 3k-itj* 4>-JuJl 2.6.5 
(Modeling with Transformation Matrices) 

p -j ^ Id £-% y^J cJNl OUJ^I J^ Jplift £*■ J^ Sj& £• tf>|al~ l-lja 

Ji .Vlj J^l oiPljAH ^T dL.^ ^ .cjUj^JU U^j)^ Ak-lj, ^1 0L-3^I 
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&%&%-yjhd^yj 



.AW" Ajaju J j^- Hjimi 

J — * Wp^«WC() Ji-Si ^ijiU ^sjl^i ^jli J* J_^J-i J*f o* 

A_Ja£ Jl Ji,ty ,y >jl~*l Lo aOetfll J> JIS* lil .(Xi,yi) aUUI J} J*»ty aJsIJ 



Ti- 



1 





1 


Lo 





1 



= Ti(0,Lo) 



&S-& IjlJ t R^) 



A = Ti R, 

\ — -£j>- li} cj M lit* i£/J 'J^Vl £_ljoU *4^ *»^ ^lyti-lj f^i of JJ 

5 Jai JS* ,^1^ IflJUjiaJ iS-bu jSo:. -Ji T Jlill AJji^u iJujxS L^plJaluiL .5 JLtlill 

.^s — l^^lj Ji*-ty JiP-ljJJl aS">. Jl t5ajl Lyajf JJLc-UJl dbyi 01 £• .SJIpUJI <_>jjJ 
iji—^l ^IjJdJ JU.JL O^l ,T jUiT. L^JUu Uaj( t j& Js&A\ ^JlA ^ J^UJl t oil 
I — « ^* A AS jji*i~U -Ui» jwdS tdil .TA 5k-.ljj oljaju oJlALSJkl aJU- Jij^ OjSv 
JCL-iJl jj-AA Jy A»")UJl JLs-j; pJJ li-KAj SjpUJl Jl A--J Ji-ty f lj-JJl »jO-- f ^ 

^Li — *Jl ^lj a — II Jl ^ — -J t^jUl f- IjAll ,_i*9j luSlr, tjjiLaill Ijl* bL l o\j jl 
Jj — .^J-l J UjipI — „J SjlpUJI Jl ij-J JLivJl p I jJJS ,cj«Jl *5jll jl j^ ^iJbx^bj 

3 ijivall Aja-.ljj Mjt aJ& »i t JLLJl £• Ijj ll Jl A--Jj . R 2 (8) jjj^l AijAva^ 

.Aiy^il JLp. J-^i t^yvill juU p^j .T 2 (0 } Li) 
B = T2 B2 
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Computer Graphics (ftyddb- Gify cA*JJ 

.TAB iiyvji! jij^cJ oUji^ail a jj» (Concatenating) J— L-i itu-l^ 
(Animating the Model) £jij*Jt \ilijfi- 3.6.5 

j^^Jl jt—jji ^ -UI symbol (matrix,n) ^1 *IjptI L; jJ o» j^jma c^-kjJl -^ *j*- 

UPPER-ARM. LJj^j <3j& .Sjl*UII aJI>- Jjj»J matrix Ss^Uoi.1 Ujlai-u. n 

.BASE, LOWER ARM, 

I* Define Initiol Rotation and Transaltion Matrices */ 
static Matrix rl= 

{ 1.0, 0.0, 0.0, 0.0, 1.0, 0.0, 0.0, 0.0, 1.0); 
static Matrix r2= 

{ 1.0 , 0.0, 0.0, 0.0, 1.0, 0.0, 0.0, 0.0, 1.0}; 
static Matrix to = 

{ 1.0, 0.0, xO, 0.0, 1.0, yO, 0.0, 0.0, 1.0}; 
static Matrix tl= 

{ 1.0, 0.0, 0.0, 0.0, 1.0, L.0, 0.0, 0.0, 1.0}; 
static Matrix t2= 

{ 1.0, 0.0, 0.0, 0.0, 1.0, LI, 0.0, 0.0, 1.0}; 
Matrix a , b , m; 
inti; 

/*Draw Robot Procedure*/ 
draw-robot ( ) 

{ 

symbol (BASE, tO); 

ac- matrix (tl, rl, a); 

ac-matrix (tO, a ,m); 

symbol (LOWER, ARM,m); 

ac-matrix (t2, r2, b); 
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Computer Graphics 



gfy d*ty - &yl) cfrsj 



ac-matrix (m, b, m); 
symbol (UPPER - ARM, m); 

} 

/* Draw Robot in Its Initial Position*/ 

draw- robot ( ); 

/Increment Rotation Matrices and Redraw*/ 

for(i-o;i<NTIMES;i++) 

{ 

ac - rotate (THETA, rl); 
ac- rotate (PHI, r2); 
draw-robot ( ); 
} 

:(5ajULl) J*s-lJsll jlj&Itj Q^j* JCa) ^ysli flJb«-»l 7.5 
(Using Hierarchy and Recursion) 

JL— »jlj ol — j^Uip^I »J * j e- jtjdi JUi^J.1 xwteji J} liiTjj 3Js>-jil «JL» /£>- 

i_>.lj "xj f ji^» JuJI Ijla t) .(symbol routine) y)\ dj*\ Ji »-x*Liil 2JU- cJ% r ^- 

Jl£ -bj C Ails' JbtjJl oUl 01 .olftU Ji^ (Trees) jU-lty flJbu-V <Jjl 

5 — ^jjj (JjJ yi) v_- i S'l J j ^lJbii^.1 J^>i ^ olj*«-iJl %M**j uiij«^ -Uai>.oiJJ »tj; 

.(Recursive Programming) SajUil jf J^lJidl jl^lxJl 

(The Robot Arm as a Tree) ij^S fl\ OUi^H £j ji 1.7.5 

.25.5 j£dJl 



Base 


A * 


Lower Ann 


B t 


Upper Arm 


^ 


p 



j^i ol-jV 1 t'J 3 •-»** 25 - 5 J*-^ 1 
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Ijz, — jJlj <J>j — *j (Graph) ^l^ Jajasl ^ ^yAst. f- y j* SjLp j* J^^Al li* 
i— U»^ (Vertices) u-jjjll jt (Nodes) J-~l ^-co; _._ j* J J s I _iJI Oj£_7 t(Trec) 

jl I JWl oJ_*Jl «.L___b tS_^c_Jl t3 oJJip- JS' .(Edges) ii>lsU»l uPJj Js>jJ_~ «kli 

I — A tij£> i-M* JiT .-—Si 5js-lj (Parent Node) <J a-*** U c(RootNode) j-U-i 
__J> SJ — *p 1«Jp jO* *_,f ^ tgj^ V gjl o_Jl .(Child Nodes) *_$» Jii* 

ftJb<_ u»l 2L«s^ <$ *!*— ' ^J./" ^i~ ij5j ti_~ t S'jdl iJLft ,y-> .(Terminal Node) 

.<_>UU-lj J-UJl 

(J l jt— __-• L—S oJLaP J>J J^jJ Ails- J>J Aij£ HjJLtOA ( j I _u^_>_j »JUt xJa2_J 

f L__S* _->> ijiv-U .Vfrc-j j jJ -^Jl j^l _U; ,yh Sj_JI jlp jj-^H .25.5 j£_J» 

JVI Ot i^ 1 t. lji J J— 5 " -■»-— "J*"- 1 £?^ .^rfl • J ~ 1 -~* W^ 1 «i»Ul£il -J-^ £• 

jF -_ Jl tT <— — » yuw S—A <J_jIjj _ip_JI *+py ub*^ /4J— — ' ,a_^e_J\ <j} Sjjarj* 

s- »ji *_.» j J»t _yj .Ji-Jl J_Ji (j Sju*L_1I aJU- LT)^j4 £_*- JijJbi ^ I^I_a_-I 
£_. ^loxil o^^—Jl ^S s-£ tg*i I—* <o>*c_Jl (Traverse) jUs*-l Up t J^/l oL-J^fl 

i t r ..i- : f j (Structure) v^j- 1 l^jU-*-* *-A •« lL 4^ 1 _**^ ^-r* -^ Saip 

(Instance S-*! -* a_JU J— jj=2 ^ Lp J>*-JJ olsjiy-v.1 (Concatenated) 

T Uj-jJ *j-=^ SjLip ■—* tl -^* -»~* 11 —^ oJb * j*J J^ ^h?-^ Transformation) 

t^JL_Jl TA J^ J^*i 'V 1 - 1 SjL —" -^J -5^-~ S^a— i» ^l^ Jij^i J-: ^)l tJaii 

.TAB JL«=- J*-^ c3_J_H S-—I1 ~p tlji^-ij J~-Vl ^Iji3l Jp -u«t; ^ 

* cAl_Jl »Jl* *-Ij*-I L_>U t-is^ ,TJ^ ^^ 

( j i __U— _i u£>3 dilU* OsrjJ ._J_J.l £*Ujj J^b 

:45!Ap L_jj^ o^J 
SjL-Ji 26.5 jCvl (Traveree) jL-^1 ji ^l>--W ^ -^ -2 




260 



J.I.I'. I.. '.IJHI.IJ.LI.il J Hi J.I I. I„|.' I I. I l .l .lll .'.|., l|. '.II: 



Computer Graphics 



f/h &&> - (yyj) <y \,yj 





Body 






1 ' 




1 




| 




I 




I 


Ann 




Ann 




Lee 




Leg 



c- 



Oj— £> -a* - *?j**z> ijU- tjl-^^l Jiij J^-til JliU J-- J^ .Ja-~Jl ^1 OL-J^I 

.26.5 j£ — ill J o^ UT J*^ tf^^i JST_j» 
(Subtree) Sj«« — * <d jlty J^ <u» L^al o-»- 
^ij *J 4^J^ -(Chassis -^LiJl) JSL^U 

.27.5 J&Jl J OiAl 

Jau -Jl j£j>l IJL* J** *J j$~»; J^^l ,>■ 

jJ — p flJb*; *»l gig* ig JUl <Ju£dJ Jjli J^ir 

CCjIjUV— iJl ^« iJlP jjLP t^J^ 1 SjaxJtJl lilt Ja»-5tj jt ,41m AJUiJ *.U)^I J> j^jLto^l 

.ULijjIjsij (Recursive Definition) J^Udi 




Uwlij£i 27.5 j£i» 



Symbol 






h 


Child-1 


Matrix 


W 


Node-list 


ChUd-2 






cbild-n 







;j»-iJi s-fji 28.5 J^LiJi 



Representing a Tree) 3j^tiJ-t£ 2.7.5 
J jiAl — f (Structure) «_ — Sj; ^JLat^^J <Jiy» 

.\£\jzJ* J^ 28.5 j5liJt 



Struct mode 

{ 

int symbol; 
Matrix matrix; 
struct list *nodelist; 

}; 
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.oJJudl oJL* s-lljl As*- J jts* <J} l)j>£«i Ojlalt Jl*j .1^1 

J 3 .Sj — S*Jt *uj Jif aip apj*^ (Linked List) 'Ay^y WIS Ji j.y -3 

-Null <* j>1*-* tjl*- j^j^ iff^ •& ^j **jl* *k$' -^ i*^ 1 «J* dj& 

:,Jj 1*5 *j j^ojil AajUJI vjujju mjr£ .-j 

struct list 

{ 

struct tDode *node; 

struct list *next; 

:IP jij^>}* (j* 0j5o <uAi)f <-r^y J r^^ J^ 

j -ji— ijj^" ^ laJl <^" u -addlisU ) j tree ( ) :W Ctflb Jl gAa* ^* 
^ 2L_Jl*i S Jr ^ </ (Dynamically) *&&> l JJr *, ij*±S\ o> ^-^ ^^^ 

stracttnode*tree( ) 

{ 

char*calloc( ); 

struct tnode *p; 

p = (struct tnode *) calloc (1, sizeof (struct mode)); 

p -> nodelist = NULL; 

return (p); 

} 

struct list *addlist ( ) 
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} 

char *calloc ( ); 

struct list *p; 

p = (struct list *) calloc (1, sizeof (struct list )); 

p-> next * NULL; 

p-> node = NULL; 

return (p); 
> 
SjLp^I sizeof ,s*j C *»J J V"L» (Utilities ) i**^ g^y. \^j&^l*\ jl! iL* 
j_3-lj j£** ^/tj^nJ^ calloc y* jM is*^ p^jj ^ijUail Oji-l 5^-U«u« ^ j'**** 

J» t) NULLS ol^jil ^j Uutj i-iliJl Jl jt Sj^^H Jl LjiiU.1 j iJ-\ 




*\ (Terminal Elements) 3 — J^Jall ^bJl ^51^ Jj ■*£ ^ ^UjJl ^j^-ij ^ 

.CJJbe-j 

(b-ijJ jjSj 6^j) j-i-L" <-j^L«b L,a«Jl J^i <Juj»«j l^£, ti_-S'l J dl oJLa »t. >-jli...I> 

root = tree ( ); 

root -> symbol - BODY; 

root -> matrix = body; 

root -> nodelist = addlist ( ); 

root -> nodelist -> next = addlist ( ); 

root -> nodelist -> next -> next = addlist ( ); 

root -> nodelist -> next -> next-> next = addlist ( ); 

root-> nodelist -> node = tree ( ); 

root -> nodelist -> next -> node = tree ( ); 

root -> nodelist -> next -> next-> node = tree ( ); 

root-> nodelist-> next-^ next->next-> node= trce( ); 

root -> nodelist -> node -> symbol = ARM; 

root -> nodelist -> next -> node -■> symbol = ARM; 

root -> nodelist ■> next -> next -> node-> symbol= LEG; 
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root -> nodelist -> next ■> next -> next-> node -> symbol = LEG; 

root -> nodelist -> node -> matrix = arml ; 

root -> nodelist -> next -> node -^ matrix = arm2; 

root -> nodelist -> next -> next -> node -> matrix = legl; 

root -> nodelist -> next -> next H> next -> node -> matrix== leg2; 

j ll ^yj jp Jsjm ^Jl j^l slLc-1 ^* LEG cARM i BODY dj& La 

£ ^ f J 57 * e g2 , legl j arm2, arml, body ottji-^ll L.fj . v-jj o>lJUp-I 



(Traversing the Model) ^AjaJI jWes-1 3.7.5 

L>Jb*; -v« S_,3»jJl jV-^s-'V s-tj*-^' ,j5J lULjf jlp l)IS~ Uax]l J^-iJ Ui*s>j 01 ^« 

\ — iji^iA fj4 a* {\JAZ rfb f J*^ •'■**■ Ua— »J <l>j£j (Recursion) J^lJlit jlj^J 

lJj_— ^Jl Aiy^ail lit . (CTM- Current Transformation Matrix) J 1 ^ 1 Ji j*^ 

< — Jl J *£ ,s JJl tdraw-tree J>*-iJi ^ j <-t_/ri *k-.ijj S^s^iJl ^>j> ^yj 

jJ J-l I Jip J) j/i j* « I^JLMj SjSB-iJl £**»>* JkjJtjJ pos-matrix *3 _jll 4ijivx« 

4 iyL^oll 3LJL~j (iJJij jJJrl a JLip JUP dJt£ -y/»j (^1 *— 'jj ^j 5 *"^ '■** f jH .SjW-iJU 

'o' j *^Jl «Jji -feUi^^li U*5 JLli .ac-matrix *»jiva-« *5'lJ» ^jt\ t-^c^— CTM 

. jj£ ija^il jj j ♦>• Jl . — ■ »iil .aJLoxll oJL* Jiff' C-^j^ _r*J ii*3ll«» JL=r jj j 4jl ie*^ 

pjL_i j — £j jl »i^ .draw-symbol jj-jll p— j djx-l Ji CTM Aiji-^dlj yj\ pij 

J^H ^ ^ ^Ui ^ I i*j frUj^l jlap 2=*" jM* 1 ^! jJ^i J^-^l ^J* t^j^ *^^* •- ,i * : - 

(Recursively) J^la^l jljSC=i\ aJUJI o jl* ^Jbt^-J .(traverse list) i-iliJl jL>-l il\j 
.4.,-:«,fli J Sij srj^li (Subtrees) V-y^' oljiat«sJl ^*- ji— ^J draw-tree s-l>=^-!Al 
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Compute Graphics (f % &*% - VJ§ &^JJ 

draw-tree (pos-matrix, root) 
struct tnode * root; 
Matrix pos-matrix; 

{ 

Matrix cttn; 

ac-matrix (pos-matrix, root -> matrix, ctm); 

if (root -> symbol ! = o) draw - symbol ( ctm, root -> symbol); 

if (root ■» nodelist ! = NULL) 

traverselist (ctm, root -> nodelist); 

} 

traverselist (pos- matrix, list -root) 

Matrix pos-matrix; 

struct list *list-root; 

{ 

draw - tree (pos - matrix, list - root -> node); 

if Gist - root -» next ! = NULL) 

traverselist (pos-matrix, list — root -> next); 
} 

U J (i5j— t «J p liAJL*) l$AJbtu*l jf ^Jl jLj*-"^ 5JL*«J JLjill iiyJaJl 0} 

L$ — S\J U*p ak-lji ilUij \*jij f -jJl (CTM) aJLU Jjj>^H «y^L. ^Jb«i 

J f ,Js- frJjar^l ^j-ju jjjjal *i UJla* *U$1 Xiji ilj^jll A*JLo3L» t cUjt 3jf aJi*Jl 

draw - tree (ctm, robot); 

,*«-«J .1 UJl j aL^L i_-^\r^ £* j* JJ ^ <jM 1» ja-a* iil j* 5, J* j* ctm <i— >• 
"iljt .(identity matrix) oJbl* *»jiva* M 0j& OS LLvJl ^j tM —>. "*iji^A\ oJun 
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Computer Graphics __ (^frfy-V /*>&, jj 

0J__* .^U^Jl ^jill ^ ^j ^ MTA J| CTM y^, ^^ ^ ^, 

r— j JJ MTAB Jl oa4 ^Jl t CTM iiy^i ^Jt ^ IJ6U, <Uj ^i U. I jllJi 

(Discussion) iiiL* 4.7.5 



'* — ^ ji — * t£j — *l jjjil jt -Wjk^- cubJUi. Jb i,l$Jl J HJlJl li'jT^j j^Lp- 
lit \ A . jL^-^l \j»jj\yf- ^c- Jail! i-ij^u cLj— uii L,^ Jb A^LJl i J>% aJ\ dj&- 

jlj £dl 01 -k^!fc jJUoTj .a^Lst j^^, ^hJ^ Aibt jLsvl t^.L.jjl^ ^^ u^lj 

1 — ia j — $3 tfr^Jaj Oj£j aS (Recursive Tree Traversal) ij^JJ\ jtj>rN J^udl 

.(Iterative) 

1 J — ft t) Ub-V -Acyclic Graph <J&>- j& JJa* - j^ s-sO *- , j J ^ f y» "-*■>- 
(Tree-Structured Hierarchical 5j*^iJl u_~$Vl V>' jr aLJ\ .^1 -^ . J^ill 
J_^Ud.l jl^,— 5oJ> l^Jb« -I \d j- pi^L .Jbri-Jl J o*^ ^ ^^ Models) 

1 »< " h ; >H ; .AiiJl t) JbcljJ t)t tSjjj^ai\ qa C— J If^J ^ ...i lUliL; t—^lyj 

I il i->-j .jJaJl ^-^ji *i f^i J*»^ *=* ■ i * J1 (il U J^ ^ -k^ cl J^'j 

^ tfj S..^.U UJlP CL>\ J^» J** <) ijprjll c^J» S-r-l >M^1 J* ^-^> 
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Computer Graphics 



grti) &&} _ pr/lj g/^yj 



a IpUJJ oL-j—jll tf .UJl ^.j—k! oL-^y. -L-^JiL. 01 .GKS =L~*jJi> 

o^^L-jp ^» (Programmer's Hierarchical Iterative Graphics Standard - PHIGS) 

\.t. ...U JL.j= . ryS -jJl (cs^l v^'y) t£>*f c±* til SjLi'yi U, £-S ((PHIGS 

Aid^uULUtMi*^ 8.5 
(Implementation Of Abstract Data Types) 

.2SUi ji^L JjLJI 



(Operations On a Tree) o^t-iJl J* oULndl 1.8:5 



Si 
Mi 



S 2 
M 2 



X 



S 4 
M, 



S3 
M 3 



S 5 

M 5 



S 6 
Ms 



S7 
M 7 
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Computer Graphics {f % &*&) - yy ^) eArjJ 

.i_iJL3£ ,_j^L.l Jb^U— cjJJi £,» V-J4 .a-li* 1 J-f Ji* 
i^jl,, 1«P f.ljsrl t_-*y tj^ " ".r*-^ 1 <«*J OULJI ^ P y lijjj aJU-jil «.AA JUP 

t _, py ^ «.(Abstraction) aj^^dl jyt t£ v— 11 1Jla jlp .oULJl ^ £jJl U* JU- 
V-*— ; (Abstract Data Type-ADT) ^JO^I cjULJI £jJ aiL oLL*Jl «-i* ^i^>j 

Jl jl l«_^Li£ ol—vjj^. Jl j_-idl L_jL^5 iSji-Jj c5j=~*ll *JIp ^.1^ Aits' 

, (6 i _■«■-! > iijisj CjLLjJl Ju J-^iiJl IJL* L» Oa- Jl .aJLhl.1 Jj^-VI oLvj-^aa*- 

A__4fej jjSCj ISL. JU-I 4-Jaj plu ^ .0»Uj^Jl ^.IjJ 4aJ>- £ J*a£ I* Ja-^ib 

^P—> dJLJJJ .cjL-^-j^ j — • **^- U, o5Ux. ^ 4*-b£ Uj JljoJl J*pj 

O— J ^ i^^Ll «U- Jl-Jl OjSO Ijsu cJaJ-l pj-J -jSJ .j^- — S=It ^ frlj^rl l-J^jJ ^ 
^yjp JL5~jJ ^ cli* £• .i-idl L.W" ^Jai <tf Liii ^y IJA iGKS *-jJ=^ ^ *j*- 

.IaJuLJ HjJoj oIjLJI Pj> uy (J**™ 

:W jU^iSl £■ I^Jlc ii>J jy~r, OiO* »j*j ^^ J**-* tUHs ' til ^ 

SjSajJl ^j -2 SjJa^Jl <JtVJ -1 

» <1 S .*_^ -.j^ S^^JJt Jl -viP WU»i Sj*^! uJl^j U*p j*^ :Vj» 
:(new-node) - SJO^r SJiip) ^V' J^^ j- 5-l*Jl oO* ^t> 5 ^k^i .UaU 
new - node (root, matrix, symbol) 

JL-iy^l t • troot iaaJl #1 ^ 5>^ Jl >J- ''^ tl ^^' ^ f-^ 

^JuJl £-UjJl ^IjLp d/j a» -SJi^-l W«JI ^ UJj^ (? symbol j^Jlj matrix 

root= new- node (NULL, 1, ml); 
child 1 = new = node (root, 2, m2); 
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Computer Graphics 



&fy&db-<7Sb<&'yj 



child 2 = new-node (root, 3 , m3); 
grandchildl = new-node (childl,4,m4); 
grandchild2 = new - node (childl , 5, tn5); 
grandchild3 = new- node (childl, 6,m6); 
grandchild4 = new-node (child2, 7, m7); 

draw-tree (position, root) 

Jl j — i.y root j! ay U* . JJ ^ «UJb*i-l (^JJl stl J 3!-'yi jj-U^b y> t5Jlll 

.i-jjljall £* j^l ^ (-$1aSTj ij>x^i\ a-^^J i<JA^-il Aiji^aii ^ position j 



£ J* 1 



LJ-I 



(Another Implementation) j^T JLiJ 2.8.5 
ijoJl -ill uyl* JULj iij^— Jl ,j>« Oj^j 01 (ji-i 



•*-ls — "^ O^ 2 — ** «-*^= "M^ ^j-k f jil** tliULpj CjULJI ?j>tf- J*^*-" 'i-i^Jl 

(left child - right j^ C^'j- jW cf^ •j"*- 1 W 11 ^ t^— i L. f oaz-J <_ij- 
<£j-^ <S^\ oSj*^* ^bLj i~~S j Akrfljj OjjauiJl oJla JLiJ Ol^l/^b sibiling tree). 

.30.5 j£il» 



S, 
M, 



S 2 
M 2 



I 



S 4 
M4 











s 3 

M 3 




"- F* 


S 5 
M 5 




s 6 

Hi 


\ 

s 7 

M 7 


w 



oyai ^Siij - ji-Jj ^mi ij*i. 3o.5jCiJi 
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Computer Graphics 



_&fy&tib-C7jty&**j 



^ Sa — i» JT 01 Uo^jJ t (Null Pointers) a*,UJ» ol^jU ju, L*i ^1 

li-^j .28.5 JCsJI $ ly^i\ i^^at ^ oUjLJj ^ J^ J^u ^ j^^j, 

.31.5 jSLiJl J j^l JLidl rjx. 



Symbol 



Matrix 



Child 



Sibling 



T 



struct thnode 

{ 

int symbol; 
Matrix matrix; 
struct tnode *child; 
struck tnode *sibiling; 
} 
.draw-tree j new- node o&j^t 1 -M^ s-sO 11 ^ f 1 -**^- 1 eM-* ^ 

it _3 J i v ^ J ^.jH £. SjLoi-1 SJiiJl Ji » «^ new -node *V^i ^ -1 
■^ LU L. ^1 ^li* 0j&. *JL-» o- tf j jjJJI J > *>» ' SAS * !l •■** ■** h -J^ 

Sju.iJt *i * jup *>U Aay^j j-j» £>* (jb JSJ-i -calloc *JbftT S/fc 

5v s.H . j * ,^s ^ J ^>» •** d -NULL ov*J»j j^»» ab*& J~-> 

:1V odb- viAJU* J*ry -«^ S " up ' ^ ^^ 
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Computer Graphics 



(vfyW-ajdicfrjJ 



t) .NULL ot Jhy 0j£. wU|f JU> gjJ- V ^\ ai* cJlT ty - 
.JjooJ-I SJiiJI Jl ^ijib NULL j-i-jll Ji-V' ^L-j ->?-•■ 4 *JU-I 

* tgjJ- v^i «Ji^ t)t 0* ^ t NULL ^r-J & VI ^ij- Ol^ lit L.f - 



■t 



j. .,.*£ I — z&i .eJbJbi-l SoiJl (Insert) J^-»i jf *»U>I v£ ^ '(J* 1 - U* 1 

-32.5 JlCiJl J ov-« US' aiU^l U~p 





Nodel 




Nodel 














Newnode 




i 


r 




ir 


1 




Node 2 




Newnode 








i — ■ 


i 






. 


.. .. 





«UI 32.5j£iJl 



Node 2 



■*** (v) 



J^ti 



-*** i) C^ 1 - /i -^ <J**-> « J i J ^l SjiJ l Ji JS-~J <_»Vl ,>• jijll JiJ diJij 



Jj jL-Ll SjSB^jJl jj.j^ OlS' lil . jjpMj Jb-lj JUio Jbrji iiU* . 4^ (il JlAi 4-ljJtJrl 

^ U .NULL SJLiJt J^ i y^> i&jJ- f ^51 U«Jl 01* cNULL y» ^I^V 1 

struct tnode *new - node (t,s,m) 
struct tnode *t; 
kits; 
Matrix m; 

{ 

struct tnode *p; 

char *colloc ( ); 

p= (struct tnode * ) cailoc (1 , sizeof (struct tnode)); 

p -> symbol = s; 
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Computer Graphics fffy&ty-gjl!)c/\, SJ 

p -> matrix = m; 
p^ child = NULL; 
if(t= = Null) 
{ 

p-^ sibling = NULL; 
t ■> child = p ; 
return (p); 
> 
} 
\^j>\ Jj*i*A j^ j^il Uj JaJl Jl *»Um. draw-tree ij*J~i\ ~-«j s\_fr\ djSs— . -2 
i _ r — «J Oy-te*: j ij ^1 £#?• $ £**?- - iSjti jss*» £• o^J c,jjL-Jt JuJl ^ 

.jujsw — iJl 1 — xlT jU=vl jja«jj .draw-symbol _>*jJt jt—j *-\y*y ^Jbt^L iSjOp 

draw - tree (m,p) 
struct mode *p; 
Matrix m; 

{ 

float dm [2] [3]; 

ac-matrix (m, p -> matrix, ctm); 

draw - symbol (ctm, p -> symbol); 

if (p -> right ! =NULL) draw-tree (m, p -> sibling ); 

if ( p -> left ! = NULL) draw-tree (ctm, p -> child); 

} 
jl_JI ^ 4 A* cJ^dl f griJl (Stick Figure) U»J» j£-i JliU L* aaju-1 jJ 

.5a «xJl JL^- j^-JJ _y>j *j*rj fJip ^«J '0' j*J\ jiJj jy-^i f •>* draw- symbol 

:,Jl> L*S" tj «* Jlj olijiyail ,_^*«j l jyiJb!tij»-« L^axll <_ivj OjSvj^i 

root = new - node (NULL, BODY, bod); 
childl= new-node (root, ARM, arml); 
Chid2= new - node (root, ARM, arm2); 
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Computer Graphics tf ^ d^ - (y_/^3 G^yj 

child3 = new- node (root, LEG, leg2); 
child4 = new - node (root, LEG, leg2); 

ij .3 — s*j* t_- S\y JjiiJ c^j^l SJLjJlP c3^» JU-jj ilb* Jl Ja*-Mj t^jC Syt 

JjI a> tl>^j -jl' 3j»jJa-« LftjijJ jeJl SjsaII ,_/»lyi-l **j'>* ^ 3 ^J^ 'Lft" J.;^ 7 

j_J tSJliJl a-s-Ul jm Uj .C 3ill Sjjjj ^yrfji-l j/mj fLbu^L iUij GKS *->^ 
L_£j i? — yij* v-$V ^ jV ^ PHIGS ^jk*iT oL-j-j ojfci. fJbu-j US' 

4 — «] a_j Ja — ,\y SiJaa LjjJ l)15* jJ .Ajj*V 4iI OjJb O'yjJ* **J /*-' JajljJl fJbU-J 

: L_jUIj»I 01, — » to/*£jl s-Tljj' JLiJ ^ UijPj ^iJITj GKS i»Ja±* i) dHyjji 
.iibsi OjSj (_>j^. draw-tree !/*-£ |»— jj add-node aM* 4*L>I 

(From Segment To Structures) <#&)jJ <yJj (kl £« 9.5 

(Tree Structured - 5_^» — iJl i-~-S\J £-il c ^lp j-T^JU U*5 tO^I aJ- 

<-V- J " £> jf (Abstract Type) &•*&! £ji ^ cJK" »lj- Jjl2p JS* . Models) 

t£J II yjk> «4*a£ li Ja-^j jw»i; i}\*\ liUUA dj£. .i£y4 AiP Jl jiSl jt 0>-lj 

(Segment Contents) Jubflt oUjs£ 1.9.5 

I atLjj jOjs.i-1 lil .j-kJl ^.U^ ^ <• j*. i*. JLJl OjSj t S^LLl UJfeu t ) 

dr-^ «j« *Jji CULT t> ^j^ ^ ^/J JUL, fj> i^ iGKS ojfci^- o^ 
Ji— UaiJt J I41 i*L» ^ -^Jl -Udl UL^i 4^1 ji J ^i^jLl jjjbj .U*iy JJ 

J__il Jj — 5i dLi Oj X oU^^^Jt L.jjii. ^ 4*JuJl JviiJ ^Jl Ojfcdl -1 



273 



J.I.I'. I.. '.IJHI.IJ.LI.il J Hi J.I I. I„|.' I I. I l .l .lll .'.|., l|. '.II: 



Computer Graphics 



tf%&®)-ry_fo cArJJ 



\_j, U 1 ^j^-i.1 aJVp iZjMjai $ v-L-Vl j^bJl ^a ^iwJl Oj& l>J -2 

.JLCb- LWaS j>Su L$ij& p% iJuS'j ijJaSjl <!_jS^ 

J_~Ji aJLwi Jl ^OaiJl ^ ^ .sJji ^ULT ^ ^UJi uJts tGKS **J& J 

i 4_-*kiJl J*b *;.*t. Ajj^ll ij^ oil .(NDC) VjW-ll jM^ 1 oLWl »U* $ 

J *b i) 0j& IJ^aj SJ^I ^UL&J i*p* Wjiiy cjUvJi Ojfij c JlsU J~- 

l_JUll» oUlulJ IsASb. £ •bu«-.l ^Jl Jl **L^ 0j£ oJ> >J» *»j 01 .**W> 

.eJUJl JvaUl J (Metafiles) 

j j,.^^ j * L. Jl 4,15* jftl Jp) ^Wl 0j& ^ I* £^ C^ 

. c ij JU i&* ^j* V Jl j** *Jj» ^Ul^J pfljJ j* S ^ ( GKS ^J^ 

Ji ^-^ .*,£ / (Static) =uTL- ^ULT ^p SjL* J^JI li* ^ ^1 0j& ^ 

oU^-^l cjl-i-J N o.L.^-^1 **jk* c3-W» 0O& ^ »M f * ^ &r* 

^ j,U=Jl ^jL-I ^ 5.1*1 ^ J>" c*M -GKS =U>> > -WU ^ >=~- 
(Directed Acyclic Graphs) iUtf i SJM Olfak* 2.9.5 
.33.5 J5^tji ^ jV-Jl ^ Jp ^ UT cf^ yJtf J^-J» ^>» C"^ ^> 



Chassis 



T 



Chassis 



I. 



whwH 1 wheel | | wheel | | wheel 



t ♦ ▼ *.. 
Wheel j 



(?> ' Ij^, 33.5 J5L=J1 
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Compute, Graphics (!&&%-<?&<&*& 

.^jJL-i\ ^j j^J ^^iJ SjaU* oVb- Jl >ii l*«^- ylAjl t5ji-ll J *Ji jl^il 

oL_.j3t CA J jsr*^ 1 i>>4 f-J 1 1) vYy^J j£*U jj^Jl tlj^-b Lui lit a : .»/iJ 

33.5 j£-A» o- ui-JI ^* u^ C«A» r-jJl JLp J^* ^ - j*jl> ^ b - j^J s -^> 

4 i» Jbrjj V J& cal4t U. 4»L>- JT c*>rj* (^iU V Jajait ^ .(t^jji jl^) "** ;j* 

• <f>rj* IJjU- >/ (iiUaJwi j^ A^eiUt aJU- ,JH jUxAi/l -(Loops) i^Ula- 

(Stmctures) v-SV 3.9.5 

I — *jJ J*-f j* t(Stnictures) <~S\j$n oULJl ^ £}y*W <»•** J^ jlk^ -Mk» 
* ' * f 

JjJLa f jiw. .LiU PHIGS i*jfc> t) liJbtL-il 3L*-Jl £» J»lji 01 j Vjl ^JaiJl j* 

aluJl tOil .5j3*-iJl j£ J»«-~* (--S'j^lj .(Structures and Elements) j*>Lp_j 
traverse - structure (root) 
w — U <^Tj3i v-S'jJl -root jijJJ Aja-ljj aJI jLill <^S~j^\ jv—j Ji <£ajs- 

J »j jl #*j5 3J»L--j j-tf^iJl jj^aJ l 2p«-»il jj> -«J-**I oli^aJlj jJjj^tlJl oliji^a* 

:jftJB ovSlj*^! J^U ^ 0j£> a5 v-T/ jij^Cd ii^o AAiJaT .34.5 jSliJl 
► [ Ele ment [^] ► [ Element I . | 



Element 



<~Sj 34.5j^iJl 

new - slructure (root) 

new - element (structure, elemet) 

-r^c* <Ju*i gj,UJl f-\j>r^\ Uj .JLiJbr <^Sj Jl ji,y jlii ^ ji Jj^l «.ljar^l 

275 



J.I.I'. I.. '.IJHI.IJ.LI.il J Hi J.I I. I„|.' I I. I l .l .lll .'.|., l|. '.II: 



Computer Graphics fffy&*ty ^J^JQ /^/J 

J **. Ul.1 Uip tdAJi £* .&- Js- cJI .(List) **SIS y,j ij*M\ ^ a^L^ ^iSi 

JjI — \a& i_. ...■>■ .4#*-jl.l iJik-tAJl CjUaJariJ.1 »_iv>jJ iJULA jt 4>Ip U Jb- Jj <^fljdl 
*<^ — «=Jl Jn wi 1 — l^-iy £ — -flj C^- c oL.j-.jJl L.jjal« ^ oWj*-} £. Uj^Lp 

ol — i^iJlj J jj*dl oliji^n jja; J| 4*-U- 0j& "}/ o-»- .LS"j>- jl L^lua 

Sj i.L» ijj^j AJjjit Uj£j Ijij . v-Tjill jjijSi e-Uf SJ^Vl oUL-xJt JU- Sj-J.1 

.^^-dl jup t_~S"jdl jW^' *^' ijjj^i\ <_—*- L$>Us*z*l j&: IJJ n_^S"jill Ub 

aj — a J 1. . (Traversal-Time Binding) ,y$U JLJU jL^tIT aJLjJI o.aa <_ijju 

ci_iU»^b .y^i-\ j**Jl 4J2* Jl JiJ of oL.j-.jJl JUjJki. JUp! ^ (pis' jt-i- v-S'Jjdl 
.aJIzS.1 ty'jj*!' Oy j 1 Lfr^j* J^» W tj^idl jl jjJdl «i of JUlO Jl ^aji lil 

,j — PJj 4 J jJbr f-ji j^ j-*a^ JUol *J*-ljJ v_~S"ljJl oy olft^P f Js>- < y<a£ 

\ j — » t jL^-VI *L£f .j^T i_-0 Ji js-^i t^-^ 1 '(Execute Structure) -Lis s-^y 

t^—— S'jj J jjUi jlj*iw«Vl Jj* (aJLi£) ojLi>rl *i t^JJl jpil i— — S'jJ Jl jjAj j.j« :»Jl 

ojI — a^Jij JijxJi cjlsji^. Ji. cjULS3i .(Calling - *lpJi-.^L ^is ^all) vjty 

(J _1p s~*V-Jl y?j s£ V Ji .^t v*0 ^ ^J 1 ^" J* u jO* OlC^L 5>Jil 

N cy-*- <-j*\ g*£. iS\ .Lj** JjaJy Oj$J gJl t^l ^-Tlji Jl jl V-ii Jl oljLiJ 

.(Cycles or Loops) oUJJ-l jf oljjuJl aJb- ;>j*-ji £— J 

i^j.JlAZ^\ ^1 tAiLJl Ldi*f Jjlf UISL.L; i^ly jl5=- J J*s— 1 Jljt OjSs! J* 
Al—fcih'^l \ --le. t U* . jLtor^l 2LL*P J ^Si 4jj«-^J1 t ( _-S'l J JI J-Ja; J .jlswJ.S|l 

tGKS 3 iJoia £ i^Lill «JaiJJ UjlJb^^l tJ^Uti ccjU-j-jJI olfrlj?pl JLii aJLjo 

J"^ p^ j . «Ut -o Uiji^ Lj-JiS ^ CjL.j-.JI Otljsrl OjT ,jAj»\ *& dilij 

{.I ^Ij ajjjj^JI o!)»jj>uJl frbt jL^Vi M~* ^ OVI . jj-^l Jj-^j oliji^J.1 

typedef struct 

{ 

int type; /* element type */ 

record *data ; /*depends on element type */ 
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Computer Graphics &ty &*$>-& jtiv^yj 



element *next: 
} element; 



:Ji IS ^1^1 JO -*>& \i&l ty 



traverse - structure (root) 

{ 

element *pointer; 

pointer = root; 

while (pointer ! =NULL) 

{ 

execute - element ( clement . type , element . data); 

pointer + element next 
} 
} 

Oj—SC at <- — £ t^Jdl execute -element tl^Y 1 £ ^-^l^*^ tS**\ f U*>- 

* 
.(^-jfljdl JLitf l<:»y» ,yj iih JT JLAJ ,^1* I jjIS 

j JaJJ J »i^l i~S-j \£.J UijI .»JL^' isrJUr ^jJai. JLiS iJjUi J S"A/ *** 

new- *lj as-^l i Jlill Jj-- (^ .aJv^' U-Tljj (j} j_?***Jl ^/^uu r^s^aj jl~p"ifl 

aj^ J — !• £-k£ &1 .•—-S'jJl ^ VA 1 * 1 * J»^ -^ y^l» *iU«»j U *tjij V element 

j_r j*jj j^Vi ji >y) auij. Sj_^ jt t ( j^di 14J <? ^ji v-r^ji ^ 

J — waiJl IJ — « ^ — J i_*j~. .(p-jiiyu 4J f (^ JJl i_-fjxJl JJ ^ »-^ v^'.r' 1 
.LjUiiJl si* ^yauo £• J*UJi Ajij^Tj PHIGS -^jJaJ. *~£iL. i-ljJO 

PHIGsh&* 10.5 

oL..^— Ji fJAi_-uJ ^.Jl ol SsjkJl -^ jjiSO ^Uf U>l joUJl jj5L- 

1 yjJ ( j £ -%**j&>\ ise-JLiJJ olp.lj3rl ^jlp t£j^ CjI»^*j 4*jjai* *> UJ 01 J ■>«'■ 

S ^ £ Lx ^J J* *W J J^ Ji S-*^ ^ ^^j>3l oJU Ji- Jl 5^L«U oljjy 
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Computer Graphics 



c^d^d-cyj^ic^yj 



CjIjJ » <y j^U. U 1>5 vaii flOAi-b fUJl j L~pj t - r »& «i~- .JL»U»» gAj h\£" 

01 f ol*j*-jil oL-LS ^ ij»«-_j^ j* Vi jU^lsf PHIGS <«jJa-> ii»lJ^~ol 01 

Mi tGK S *—*Ja^ £• L-^ p-^* ji* d £* .oL.jtdi dUd 5>-juJI a»H>\ ^ k&rU- 

ir-JuJl & ^J-J^ : («*J **<JJ 4jVx" qa J& J* iJycllj f jii~" .*. « *». fii't 

.(Graphical Database) yUj—j otiU S-xpUJ SJi*LiJ.l ^ a**-*^! 



^ 



(Viewing a Database) OUU Soplfl ooaLSji 1.10.5 
.L-lLrf j—sJb" ^1 -I 35.5 j£iM £ CfeU GKS ojk^ ^ j-i^l ^j* 



Primitive 



Viewing 



Workstation 
Clip 



i Workstation 



Display 




Workstations 
GKS '<*$*<• l* oUUl^W-Jl 35.5 J^J» 
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Computer Graphics 



pty d*ty - pyb cfiryj 



j . jJL—p 4_J tSj *-^ i_~-L. JL^tdL dj£* c5JJlj tiJ_^ jiS^I ^ij*J* 

.36.5 J^iJt J ub* 



Primitive 



i 



Viewing 



E display j 




Workstations 1 
PHIGS i^JiA\Wiji 36.5 JSLsJl 

SjpL_5 <3 5 — Jj^/I olJL&l £^j ^ t L* .PfflGS **^ i) (0*0-0 <^jlJI 



-i^Jl .&%j£j ijj: oli*> t iJjf oliLT J^ L-~r>l j^h* J^ij t j,LJl 
JU-^I la* .1 aaUlI ^^J jL>.^i U*p JJ aJ,^l oUL&L SJLi. 0j& V Sj~il 
iibt J^p oUast b J o>J Ot ^ SjOiJlj - aJi A\ olwJl (Late Binding) ^Ul 
l> _* la_ju ji_s1 i^Lji Uy* PfflGS ^jjii. yjajy oULJU Aikit olJUbLiu. U» 
i J — »jJl «J** V*j*^ iiJij ^ SjiaUII of ^ jk» ^» U^j tAsL^b .GKS 5>_jk> 
cWji-iw. oULj S^pli ^liJ SiJbti* iJ^ J^p. cuUast L*jJ jjSi ^1^>- o^U- J 
-GKS **>> ^ j^ kliT jiTi PHIGS i-jJi> 0j& 
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Computer Graphics tf *j) fr*ty - <?J§ C/^Jj 

(Programming in PHIGS) PHIGS "** j&* j 2#jJl 2.10.5 
a — «jti. j gAj, — It liUbJ U»i AiiMz* ^ GKS ^«jla> t) iajLJl b4l_^ a^*- 

£_ oW_, ^V 1 fbd IJU" ,l«_~i; ^ oW^V 1 r^J W^ 1 oUL&l .PHIGS 

p-z> .ppolyline J=>_jM-l a-ux* *.l ,=rl ^n ijull J^*. Jb .'g' _y "ilJb 'p' i_iji-l 

J U_— II g}j 3 dj* 4^1 j i*<~& tJ**Jl ollast Jl PHIGS s~SV Jl— jl 

rajas' cjW>*-I ,y aL-JL- .36.5 jCiJl 

popen - struct (LINE); 
pplyline (num-pts, points); 
ptext (location, string; 
pclose- struct( ); 

2 h-*- c . '*h^> J » c---;l jv»L*Jl «JL» ^pJ c oULJl SjlpU ^ j-^s- ^j.y<^. ry& 
jS\ j\ i Jb-lj J*p aJs^s Jl <-~S>dl jL-jl fJi L-JiP -Ljjj y**- ol iSjA jl j J.J- 

:oUit AUu* ^\^~ CJlfrUUiwI *Jti«-lji dJUJbj 

ppost- struct (wk-id, struct, priority); 

I « Jl 2L4Li> <_jjL-L Ujoa^ «i 3jj^I -t>_jj-S> 0) ■t/'jJlj S-UkUAl j»jj ii-» 

AjJ^I cyLljjj JLiljJl *Jy t»-£ vt—>- t,Jj L« tbir—lj iGKS *»jJa^ (3 f«A*^-»* j-* 
c J— **ll 5jla£ iiJ^j 3j jjl jl^P-l *»_i j* (_JUalLl lJL» Oj£j . J**Jl *]*£ ijijyu y»j> 

.ojI JUJl j ■ (oUaL^ji jl) Ubst oJUfcli* LA 0j£» 01 J*p 3ja* J^J £—~» liA 

.at_-u PHIGS ^>i- Jl Vrij»Jl 1*4^ £^ Jsj^ **_> Oj-%i- tOil 

(Modeling with PHIGS) PHIGS '**£>* £• fct-J-Jl 3.10.5 

J i.jjaijl cjy £ 4sr JuJl ^L.1 y> i_gf >Jl PHIGS 'l*jH*> 3 Wj UT 

^ I J -■ _?t (j _J-rU _,j^ Jl) 4*1^.^1 eJbb 01 .(Execute Structure Element) 

Lariy jLzp^I jjai Ji^tJ .(Compactly) t/ 3 ^ J^iJ ^jH— * Vy ^ il ^ iJy>> 

popen - struct (ROBOT); 
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Computer Graphics <&&%-*? jfa&JJ 

pexecute - struct (BASE); 

pclose - struct ( ); 
popen - struct (BASE); 

pexecute - struct (LOWER-ARM); 
pclose- struct ( ); 
popen - struct ( LOWER- ARM); 

pexecute - struct ( UPPER- ARM); 

pclose — struct ( ): 

popen - struct (UPPER - ARM); 



pclose - struct ( ); 

popen - struct (BODY); 

pexecute - struct (TORSO); 

pexecute - struct (RIGHT - ARM); 

pexecute - struct (LEFT - ARM); 

pexecute - struct (RIGHT- LEG); 

pexecute - struct (LEFT- LEG); 
pclose - struct ( ); 
popen - struct (LEFT- ARM); 

pexecute - struct (UPPER ARM); 
pclose -struct ( ); 
popen - struct (RIGHT - ARM); 

pexecute - struct (UPPER - ARM); 
pclose - struct ( ); 
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Computer Graphics ___ fl/fr) faty _ qy_/ty cA*yj 

Popen-struct (RIGHT-ARM); 
pclose - struct ( ): 

f j — *^ ^ Jd jsJl lijliji^" Ji-^j oo^ *2 J ^*i **^1 /e**^ 'f^*^jJ' l-i* til 
tJV — ill jy. jj^ LiT -(Sj^ Vlj eJb-ljJl ju a»^A»JI i_— »• W*_^* SJLadl ^bJl /w>jj 
UPPER-)^! tfyL-J,! £ v-T^i — II ^ J! SjU^I Uf^U. s-tArK j* ouil 

y^J^ II JUjIJ J^. lil .(^U- V JoJa^ uiJ^J («^2 '•*£* .(/»— J^l ^l5Lij» ^ ARM 

J UPPER - ARM <~~f_r — u i**L^ u»«&>- ^ ^^Ja^- a**-*-" J* ■>£ « jji^ 
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Computer Graphics (/tyd^) - O 'jty o/*JJ 



J — SJI) c£? (Nonnalization Transformation) y;jL*ll Jij»dJ j^ J*** 1.5 
il — «LJ| al» ot oy .jU}S|I jaPj o^Ua^l ^ *L«L. a^Ji* t(NDC Jl -WC 

J Oj_i. a — ^j (Affine Transformation) ^jfo Jjj^ ju*! j j^Wl (S-J*~l 2.5 
r— ^ -^y r> oi -u, jji^-i ^*»^j =lL^i ^i ^ j J,i* a*^ j^j 

•Jo*' "-^j*^ ^^aJi J»uJi g-ijjt ijip- OjiC 
j^-Wj o-vu^j^ij o^j -dl J5U -^ -d* J^t ^ (Shear) ^l 01 uh 3.5 

:^b JijjJ* <JiasV» oUyiyal iJdi ^ji-i ^^ 4.5 

R _1 (e) = RT(9), 
R(9 + (|)) = R(e)R((|)) 9 
T (A Xl + Ax 2 , Ayi + Ay 2 ) = T (Ax u AyO T (Ax 2 , Ay 2 ), 

Hx-'cej^H^-e). 

j ijJdl <^\ijL^ iL-L» 5k-l^ aUatl suflklt t^pdl ^ aJy ;yi£.l jy 55 

.Jaiif Cj^L j>eJl 

*i — J 4JVT jvp jt vii- > V>i £iUJl OjSc Li^- (^^j a£il Nli. yWt 7.5 

.ol^-Ji ^jjiA dUlt* i^.^ -^Ji 4 s Jj3(r ^ cjir lii toVVjJi y» L. . £ iy 
L*«U J> .a^Ua. ^p. 4^ ^u,^ ^ .u^ju ^ jjl^j 2 n 4.U. J> ^ ^ 8.5 
t — ijUs-l -u^JS ^ £JU ^^. JTj .U* Lij^j Uii ^Jj (J u vtCi ^ij 2 N_l 

.JiCiJl IJl* Jil oliLj <^J u^oj\ 
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Computer Graphics (f % fyty . gy/j) pA, ^ 

(Search) c: — >J» J_J> < o"i/L_^l ^ >js- $ ^L^LU ^Ap j jU^ity f Jb«^ 9.5 
•* — s^ 7 i/'j*' ^ , ^^ l < ol^^i ^ A?u~>i .<i>l;iJl J-if Jj (Sorting) «_jjJi , 

«.l_J (CTM) ^JU-I Jj jj^Jl 4»jiva^ flJj«*»l ^ CjL»j**jH oLijJ^l. ^ jjiT J 10.5 

accumulate - ctm ( matrix, ctm); 

evaluate — ctm ( ctm); 

trauslate - ctm (x, y, ctm): 

rotate - ctm ( theta, ctm); 

scale - ctm (sx , sy, ctm); 

push-ctm ( ctm, stack); 

pop - ctm( ctm, stack); 
.CTM a_ ij-aii js— -« jt c...^i ■»■»■■■■ .11 ^L-Ji JjVi i^-jJ~\ ^y^i f js 

f jb«_^»j ,, w .(Stack) .j-^l fUrfo^ CTM JijA^r. JiU=^/l ^ S*Ip 

.(Tree - Structured Model) ij*^Si J*-*- £*y -M^' J 4*t-J» oWj*-"y» 

.(Recursion) 

iJjUiL t.-»j-U-l .^Uj-j ^ J^UaJlI jlj£dl oU f laAi-l jlv^j JJlj* yJ> U 12.5 
L^.^ J> \—jS (Procedural Aaproach) '<— ^M J^ -o 1 -' fU*5~i £. 

?PfflGS 
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4jjm1I vi>bdk*ail 



"A" 



Application Programmer 

Arcade Game 

Animation 

Algorithms 

Attributes 

Arrow Keys 

Absolute Positioing 

Arbitrary Implicit Equation 

Aspect Ratio 

Allocating Memory 

Activation 

Alignment 

Arbitrary 

Affhie Transformation 

Accumulation Procedures 

Animation The Model 

Abstract Data Types 

Amplifier 

Alpha 

Alphanumeric 

Antialiasing 

Axonometric Projections 
Ambient Light 
Approximating a Circle 



jLUill 4jJ 
ijjLt*-! iu^> 3jaU* 









Bit 



"B" 
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Boards 

Bounding Box 
Bundled Attributes 
Batch Processor 
Background Color 
Brightness 
Back-Pointing Face 
Blending Polynomials 
Bezier Pohyomials 
Bicubic Polynomials 
Bezier Patches 
Boundary Representation 



(Vl^-l) ,^i <5jlii 
IjJjJl ijJii-l o<U>u* 



tfc#^M 



Calhod- Ray Tube (CRT) 

Calligraphic 

Chip 

Circuit-Layout Package 

Click On 

Charts And Graphs 

Computer-Generated Images 

Computer-Graphics 

Computer-Aided Design (CAD) 

Complex Pictures 

Complex Input Device 

Commands 

Configurations 

Cursor 

Control Function 

Clipping 



last- f*>\j 

*jjj&?}\ jJl>ilJ iiJj :'*£jZ 



S^J-" 



UAj 



•*J""J 



i^y. JUil jlj* 

(j^ji) Ojls~- lib 
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Cmrent Position ii^~' C?-^ 1 
Cell Amiys (*M >-» j**") M^ ^liji^t- 

Cross-Batch Pattern J^-iJ' \*°j* *&-** 

Control (l^) •A^' 

Colour Index <-> jAJ' JJ^ 

Choice jl-^l 

Create Segment **k* *i-jJ^ 

Current State *ij^ ^l^ 1 

Control Loop SjJa~Jl Jj ja 

Contacting Transformation a l . J .. T * £J%j£ 

Chassis (J^ 1 ) ^LtJl 

Child jjl 

Carriage-Return (CR) ^j«Jl «.y> j»j 

Compatible ^^ 

Coprocessor o#L~. £ U» 

Concurrent Processes fc*l jiJ.1 cjLJLjJi 

Convex Polygons *>^f ol»JU*» 

Coherence ^-^ 

Cyan j^la Jjjt 

Color Lookup Table Ojlll ii-£ J jJbr 

Classical Viewing *jjJ&Il a*LiIl 

Cast Rays iJaiL* Ju'il 

Cubic Polynomials Sj««5ksJI sjJlLI cM JjJp 
Cubic Interpolating Polynomials iLS^ii ^^li j jjJ-l oU>ap 

Constructive Solid Geometry W^ 1 **— & *- Jill 

Continuity JU*^l 

Convex Hull v-i^ «-»!*£ 

«D» 

Data Structure oULJl v^y 
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Data Tablet 

Display Processing Unit 

Display Memory 

Display File 

Display Processor 

Display of Information 

Displays 

Design 

Deflection-plates 

Direct-Views Storage Tube (DVST) 

Device Driver 

Default 

Debugging 

Debugger 

Device Coordinate 

Device Independent 

Data Record 

Default Value 

Data Bases 

Deactivate 

Detectability 

Dragging 

Dials 

Directed Acyclic Graphs 

Destination Pixel 

Digilal-To-Analogue Converter (DAQ 

Direction Cosine 
Direction Vectors 
Dimetric View 
Depth Sort 



jjiijijl *ir\jL* Sjj~j 

"0 jJ*P OL> jlp 



jlfA-l Sjbl lJo- j 
jl^Jrl CjCIJL>-J 

JL/uil Sj_j~o ^f^ai* 
iUj\(l {7J*j» Aj-i-» 
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Diffuse Reflection 



Determinant 
Dumb-Bell 






UJ?99 



'E 



Emulator 

Electronic-Mail 

Electronic Office 

Entities 

Explicit Curves 

Error Handling 

Error File 

Ellipse 

Enumerated 

Editor 

Echo 

Event 

Event Input 

Event Queue 

Event Driven Input 

Evaluation Procedures 

Extrusion 

Exclusire-Or 









Flight-Simulation 
File Cabinet 
Filicker-Free 
Font 



"F" 
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Fluid Flow 

Floating Point 

Frame Buffer 

File Descriptor 

Fill Area 

Flag 

Foreground Colour 

Feedback 

Flashing 

Fine Tuning 

Fill 

Fill Solid Areas 

Filter 

Frustrum 

Front-Pointing Face 

Forward Differences 



Graphic Library 
Graphical Input Device 
Graphical Entities 
Graphical Primitives 
Graphical Output Primitives 
Graphical Kernel System(GKS) 
Graphics Terminal 
Graphics Turtle 
Graphics Toolkits 
Geometric Attributes 
Graphical Object 
Graphical Devices 



«n» 



G' 



lJiJU lJl^Ij 

•J* 
f L.SU JjyiJl 



oUj-JJ ^1^1 Otis' 
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Graphical Database 



SJL« yMj izAJXii »JLpU 



"T¥W 



H' 



Hardware 
Hardcopy 

Hidden-Surface Removal 
Hierarchical Models 
Host Computer 
Hardware Line Generator 
Header Item 
Hollow 

High-Resolution 
Highlighting 
Help Facilities 
Homogeneous Coordinates 
Harsh Images 
Hermtte Polynomials 



Jai-I JL5jJ IjiL* oljjSL* 



WT» 



Interactive 

Icon 

Input 

Instruction 

Input Devices 

International Standard Organization (ISO) 

Initialize 

Interactive Applications 

Inquiry Function 

Index 

Implementation Issues 



iuJju / jUjJ 

SJjOll (j-stnJ* <«h..« 
ilpliu ■■ti: ; .^ 
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Intenupt 

Interactive Modeling 

Implicit Screen Regeneration 

Inverse Transformations 

Instances 

Incremental Algorithm 

Intensity 

Instancing Cube 

Isometric View 

Inward-Pointing 

Interpolation 



jjoUill tS jL#«s* ig ■ * * 



Joystick 



UT» 



r <^J»tv^ 



Keyboard 



"K" 



^jVi* i^j* 



«T » 



Light Pen 

Label Of The Axes 

Lower Case 

Line Style 

Logical File 

Laser Plotter 
Locator 

Language Binding 
Logical Workstation 
Logical Input Classes 
Logging 
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Light Buttons 

Line-Preserving Transformations 
Linked List 
Laser Plotter 



Vj-* j'jj 1 

Jail JlC *Ja»l* i^kijZ 



"lV>f» 



M' 



Medical Impaging 


yj^ jO"*" 


Molecular Biology 


oLS jJ^I v-jJjjIj 


Mouse 


jUll 


Mailbox 


Jjjj (JjUivs 


Multidimensional Data Generated 


ibutyl ai-Ul* iJij* oliLj 


Menu Driven Interlaces 


laiUtj tjb^i <Lij Ol^-'j 


Mouse-Controlled 


jliJlj _Jaj"-* J^**! jW* 


Menu-Driven Painting Program 


OljL&M Uli jljL. f.yb> J^»liji 


Mapping 


JSJjlJ^ 


Monochromatic 


DjlJl IplJ 


Metafiles 


■LotJLi cjUL« 


Menu 


jLs*1 jtilji 


Multiprocessing 


OlJrl*» >JU&> 


Menu-Driven Interactive System 


CjljLl>-l 4jJU> Sj£-~* liplJj 4AJki* 


Manual 


<£& Jsk 


Measure 


U" 1 ** 


Modeling 


4»ai 


Mauix Transposition 


tijjivsu JU»J 


Magenta 


dj jU y^i 



"N" 



Network 

Normalized Device Coordinates 

Normalization Tansfbrmation 
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"O" 



Orthographic Projections 

Office-Automation 

Output 

Output Devices 

Objects 

Operating System 

One-To- One Correspondence 

Output Primitives 

Overhead 

Outcodes 

Oblique Projecctions 

Orthogonal Viewing 

Object-Space 

Outward-Pointing 

Opaque Surface 

Object Classes 



■dJl- ii>li>U-l 



«P" 



Pointing-Device 

Perspective Drawing 

Plotter 

Picturc-Elcments-Pixels 

Photorealistic Images 

Processor 

Picture Formation Processing 

Positional Information 

Plotting Program 

Procedures 
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Parallel Architecture *i j 1 jr* hj-*** 

Positioning £**• -*J-^ 

Parametric Representation <,$*!*•" Jk& 

Plotting Procedure $** (►— l j **j*\ 

Picture Formation »j ■^ , j>-j*> 

Primitive v)j l OUS" 

Painting i^j jJj^" 

Photograph ,Jy* j.f^ 

Projector J»li-.^i Ja>- 

Projection Plane J»UL/yi lS js— * 

Pen Plotter ^* f-'j 



Pseudo Code 5jUi— * cMjLp 
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Sj^J^H JjuLiU 1.6.8 

SJjUu olbULwJ 2.6.8 

ijjiS. iiili>liu<i 3.6.8 

iL'U .i.U.UL-1 4.6.8 
ijjjii* »JU»Li» 5.6.8 

JLidl 7.8 

lizj** oUaLS^ 1.7.8 

4*.jll j^iil J^y ^1-=- 2.7.8 

Jli* 3.7.8 

Jsli-1 4.7.8 

iL'lil Xjl*LsJJ 5.7.8 

lijUsl) iJuLill JuW 6.7.8 
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^sUll juJI £ oUUil J-ic 2.9 
iw^Sllj ^UUM.2.9 
i^»«Ji ^L-»- 2.2.9 
;Uua- olSLi 3.9 
fJ *A-lj c >Jl <o.liU-ll.3.9 
g^l% S-Mijl olSLsJl 2.3.9 
cyljSOl ._-.>' 3.3.9 
iji^-l ^ jJ»_Ji iJJb- 4.9 
^j^Jij sLtodl ^jK-Ji i->J>- 1.4.9 

Ojj«all -frUa* -JU> ajjjadl e.Li^/1 *.UaJ Jjt 2.4.9 

SjjWlI t U.^I -frUi ol^jjlj^ 5.9 
Vl^-I »j»- jJl oliJL^. iJJb- 1 .5.9 
j-jJi i_-jV 2-5.9 
*>UJl Uli-i 3.5.9 

«j_j^J|— tUai ol-^jjljs'- 6.9 

& jUdVI OjaII Vjjlj^ 1.6.9 
iii-l £-*• vjjLp - 2.6.9 

**Wl 7.9 
^UsJl a^jS jt *btfl 1.7.9 

4*ity Lllwl 2.7.9 

t !AiJlj 4,ydl 3.7.9 

JkJl i*if 4.7.9 

£_l*iJl t\&\ OjO. *^iJl 5.7.9 

jyi jrili 8.9 
ijibJi cjL.I<»;^i 1.8.9 
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.Jts&l jf Jidtl fj^Jl 2.8.9 

r^ J <$$jS <j^\ 3-8.9 

oUL^ll Jl^i 9.9 



ju^ 



lUJUllj 4~~*Jl cl^j^Jl oLtodJ 1.10 

p^l JS^SJI 1.1.10 

jV-^Jl J&Ji 2.1.10 

^t JfcsJi 3.1.10 

Jit- 4.1.10 

ijjj-l Xjojip ojLi^u 2.10 

2L-.&1I ijjj-l ^IJLjJ^ 1.2.10 

JLS^I JSOill 3-10 
iLSCiJil a-j^l ijJbM iajj*. 1.3.10 

^^U ^Jai -k,j 2.3.10 
JsiJjdl ijaJ-l o>Ua* 3.3.10 
SjJIjJI l-^^- 4.3.10 
lu>Ul 3jji-l oUj-ap 4.10 
c— ji* jjJb- lulajo* 1.4.10 
jjjj ijjb- t^»Ua* 2.4.10 
(ot)U«»j) o^j- 3.4.10 
Jli- 4.4.10 
,r»~-ll Jij=>Jl ijJ»- ■tjUj-a* 5.10 
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f L&J Jj>Jl 1.5.10 

Jli. 2.5.10 

p^fcH Ha^\j, ySLiJl j«J.I 3.5.10 

itAA\ £>~Jl 6.10 
ij&lj ^jsJLl 1.6.10 
ij-nSoJl yflJ ajoi-» c^lJL(JiP 2.6.10 
jLi^sll 3.6.10 
^^j 4.6.10 
ic-iljJt 7.10 
iLi>dl j-jJa-Jl iJJb- 1.7.10 
*!AWI 2.7.10 
ySLiJl ^JJ 3.7.10 
(iJJUJl) fUyJ I JlSoSlI fcrJLi 8.10 
;j>ll sl^l oUi 1.8.10 
«~OJl lw-Al l^OiU 2.8.10 
jjjj-l cj^LsJ 3.8.10 
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